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CHAPTER 1 



IRTRODUCTIOK 



X <amphasise the Inescap&billty of the scarcity of 
resources and the necessity for choice becavise many people 
secsn to believe that the scarcity of resources and the 
resulting limits in our Defense budget are really the 
Invention of the Bureau of the Budget, the Comptroller's 
office, or the Appropriation Committees. They are not. 

The limitation on our national resources is a fact of life, 
like the laws of physics or aerodynamics. There are other 
needs and d^nands for those resources besides the deroands 
of defense, end of expanding science end technology . . . . 
Therefore, only a limited amount of resources is available 
for defense. And it is our responsibility, both yours 
and mine, military and civilian working together, to get 
the most out of our limited resources by facing up to tho 
hard choices and helping those made the decisions to 
make the right ones.^ 

So said Alain C. Entboven, Assistant Secretary of 
Defense, System Analysis, in a speech given at the Kaval War 
College on January 6, 1963. This statement, regardless of one's 
personal beliefs, presents a coticice suaanary of the managerial 
climate now prevailing in the Department of Defense. For every 
existing or proposed plan for the expenditure of fvmds there are 
many possible alternative courses of action that can be taiten. 
Today's Defense managers require that each must bo considered 
or reconsidered, as the case may be, to ensure that the present 
or planned allocation of resources Is the most economical matrix 



^Aiain C. Enthoven, "Choosing Strategies and Selection 
of Weapon Systems," U.S. Kaval Institute Proceedings. January. 
1964, p. 152. ■ 
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possible unciGr present conditions* The teroj, ’’economical,*' as 
it is used hero, does not necessarily mean the expenditure of 
the fewest investment dollars or even the cheapest way of 
performing the function. Rather it refers to the saost efficient 
and effective way of achieving the given objective with an 
acceptable degree of assurance. 

Whenever there Is a desire to evaluate the econojaic flux 
of the available resources, one area that is always scrutinized 
is that of arsaintenance. Although this contemplation normally 
encompasses the entire maintenance effort, both e<5uipmenf and 
real property, the scope of this paper does not, This paper 
has been restricted to equipment maintenance, due to the size 
and complexity of that endeavor. The failture to restrict 
further the scope of this paper within the area of equipment 
maintea^anc© might be validly questioned. However, following 
the precedent of the writers of the available literature In 
this field, no further restriction has been made. 

The exasilnatlon of ©qulpaent upkeep and repair as an 
area in which the combination of resources can be improved Is, 
primarily, the result of two factors. First, the function of 
maintenance consimses a very large portion of th© total dollars 
spent la the Department of Dofenso; therefor©, there is a 
greater ptiobability of finding fin opportunity to lixiprovs the 
economic in this area than thera is In an area where fewer 
dollars are spent. Secondly, when this atmosphere of "ijet u© 
check ovir economic pat t era" prevails, procurwasnt funds for the 
routine replaceaseat of equipsaont are noinaally more difficult to 
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Justify, are reduced, or are non-existent. In this situation 
the only way that « service can me<st its pred®ters\ined 
requir^ents of having a given number of specific equipments on 
hand and available for use is to increase or improve its 
maintenance effort. The extent to vhlch this is achieved is 
directly proportionate to the extent that the increased 
malntenanc® effort extends the physical life of the items 
involved. 

In short, maintenance can be used as a substitute for 
procurement ; and it should be, so long as this is ©conomlcal-- 
that ta, so long as the current and future operating and 
mainteacianc© costs of the itess being repaired do not exceed the 
initial investment and future operation and maintenance costs 
of the replacement item. 

The situation described above creates pressures which 
tend to change operating patterns and organizational structures. 
When management, with a vie^? toward effecting improvement, 
wishes to examine or reexamine how well it has been performing 
in an area or fxmctioaal field, it must have information fed to 
it by the organizatton, When the orsaniaatlon is as diverse and 
complex as the department of Defense, manag«m:t©nt must also be 
giveit assurance as to the validity and compatibility of the 
data it receives. This usually means, "tn conformity with 
rarklnson*s Dav?,** the creation of new information and control 
systems. Then, after the creation of the new systems, the 
eoloctlon of common terminology, the implementation of any 
improvements decatsd desirable, and the setting of common 
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standards. It is only logical to require a feedback systcen to 

ensure continued good performance. At the nsornent this 

evolutionary process v;ithin the iJefonse iiepartment is at the 

stage of activating the ‘’required” new systems. These systems, 

whose purposes are adequately described by their titles, arc the 

Equipment Readiness Reporting System, the Depot Maintenance 

l-rogramming System, the Depot I'iaintenance Production Reporting 

System, the jf^aintenance Cost Accounting System, and the 

Haintenanc© Managisaent Information Syettsn, The actual 

centralization that will b© effected by these systeass will in 

large measure depend upon the capability of men and electronic 

maclilnea to standardize, to render compatible the data s**i® 2 ratod, 

and to use this Information for the accomplishment of the 

organisation's objectives. 

While this pressure appears to be the dominant one 

generated by manegement * s increased interest in equipment 

maintenance, it is not the only one that exists. On© I^apartment 

of Defense study group had this to say; 

Material managesnent , The reng© of functions embraclns 
acquisition, control, storage. Issue, and the disposal of 
material, including* but not limited to such elements as 
allowance, ea talc suing, distributing, leva ling, maintenance, 
usage, and transportation; th© full logistics life cycle 
of any item, beglrming at the design stag© and proceeding 
to consumpticn or disposal,* 



^U.S., Department of Defense, Office of Assistant 
Secretary of i/®fens«. Installation and i-oglstics, Responsive 
AutOiOated Materiai H&naaement System 1968 (A Plan) . Keport of 
tiaterial Management Data System Study uroup, November, 1962, 
p. 17, 
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In addition, th© 3;naterlal xtumager will: 

(1) Concurrently raanag® both the end itessi and its repair 
parts. 

(2) Have a closer relation with inaintennnce, to include 
the schodulins of repalrables, 

(3) Have a closer relationship with industry resarding 
technical data, csnsineering changes, product 
ijaproveraent , etc* 

(4) tiav© a closer relationship with his customers. 

(5) Have full knowledge of, and participate in 
organiziational ©qulpnant authorisation; and will 
have knowledgo of equipment in-use throughout DoB. 

(6) Collect and use item usage data* 

(7) Insure homogencsous groupings of lt«?js in realistic 
quantity groupings. 

(8) Farticipato in research and dovelopsnent to satisfy 
provisioning requirements. 

(9) Operate, together with subordinate levels, under ono 
system, using standardised policies end management 
concepts. ^ 



Maintenance will be aided through the following: coding 

of military esscsntiality, item applicability and 
relationship to the next higher assembly; comparable data 
on operating systems will be applied to those In research 
and development; repairable item sto<^ levels will be 
tailored more to tt«K^ characteristics rather than issue 
rates; performance/failure data will flow through 
maintenance technical channels for product Improvement and 
Interservlco, including BSA, maintenance support will bo 
Increased. 2 



Hi«value Items. A category of repairable items of high 
unit cost or high investment level which because of their 
er.tremc military essentia lity roquire intense managesnent 
control throughout their useful lifo. This managment will 
include the maintenance of asset inforsaatlon to reflect 
quantities In store, in transit, installed, and undergoing 
repair. 2 



^ Ibid ft, . p« 11 

p. 31. 



^ Ifoid , . . p. iv 
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Xho identicy of hi^h cost roplacei’.ftnt and repalrabla items 
vlll be related to program elements /resource categories and 
inventory reporting must reflect investment in those major 
are^s by program elm^t s/resource categories,^ 

This approach combines centralisation with vertical 
integration and will force the logistic manager’s influence upon 
the operating commander during the letter’s allocation of his 
resources . 

In the face of these strong prosstires for centralisation 
end increased direction for those above, one might asK why one 
should be concerned with the establishment of economical repair 
limits. Would it not be better and easier to wait and let the 
new systems nanagers take the lead? While there are several 
good reasons for not doing so, are distinguishable as better 
than the rest. 

It Is quite corKnonly accepted that hindsight is far more 
revealing than foresight. Because of this, it is not surprising 
CO find auditors, both internal and cositemal, and higher levels 
of tsanageraent, who perform tho revles? function, using hindsight 
to criticise the foresight of others. Over the years the llarine 
Corps hss often boon taken to task for the methods used in 
deteminins when an item should be repaired, overhauled, rebuilt, 
or disposed of as being uneconomical to repair, Usiaally these 
rebuffs of Cfao methods then in vogue are not too violent, for 
Che critic seldom has anything to offer in place of chat which 
he does not like. H® frequently lets the wfaol© affair go with 

^ Ibid . . p, ill. 
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tho va^^ue cowKicnt that ’“there rruet be some bettor way of doing 
it.*' Xhe first reason, then, for atteraptins to find "the 
oconomical repair limit ’* is that for the iznraediate future; 
imtil tho new DoD maintemmc© syotecas become operative, the 
Parino Corps is responsible for the laannor in which it 
accamplishes its x^ork. Xhe taaJc of dotenainins when to stop 
repairing a piece of equtpiaent is part of that work. 

taking a more positive approach, the finding of this 
limit is important to the commander because in many ways it 
dictates box; he will allocate his resoxirces, and vrhat he can and 
cazmot do* To replace an it«a prcsaatiurely is to spend money 
needed to buy other materials, Xo delay repLacesaont unwisely is 
to ®Kpend dollars for a at ream of services that arc vzorth lev's s 
than was paid for then. Either action robs the coarEMondins 
offices: of badly needed resources. 

In view of the importance of this decision and the 
arbitrary manner in xdiich it is so often xaade In tho Itarine 
Corps, It is believed that much would be accomplished by 
studylJi* the repair-rep lacement policies, practices, theories, 
and criteria that arc used by civilian industry, in an effort 
to dotemin© if, or to what esetent they are adaptable to Harine 
Corps use. 

Specifically this paper is concerned with; 

(1) Khat theories are used by civilian Industry 
to detcjcalno the phlioaophy that governs the naximum 
ropairability of equitmient items? 
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(2) Ilshat factors are usod by civilian industry 
in expressing these theories? 

<3) What fortnulas are used by civilian industry 
to detenttine the interrelactonshlp of these factors? 

(4) Mh&t elonenCs are used in these fomulas? 

(5) Are the theories and fomulas used by civilian 
industry applicable to tho ?kirln© Corps? 

(6) What constitutes a good repair-rep laceraent 
decision 2 nalslng systesa? 

Throe methods of research were utilized to gather the 
data for the resolution of theso questions. First, a search 
was KUid« for literature in this field. Kext, inquiries 
containing six key questions wore sent to a selected list of 
civilian corporations, Tho third and final method of research 
used was tho interviewing of personnel who are actively 
engaged in managing the K»arlno Corps Depot i-Jaint ©nance System 
at the Oeadr^uarters ^'arlne Corps level. 

In searchitts for writings in this field, tho most 
difficult problem encountered was chat of semantics , Pertinent 
dlscussJ.ons and con?aents were found under such titles as: 
repair policies, replacement practices, capital expenditures, 
capital Investment, invoststent, or management, hotwlthatandlng 
the variety of titles under which they wrote, most of the 
authors were in asreement that tho repalr-replac^ent problera 
is but on© phase of invostinent policy. What was found that 
surprised the v^riter was the lack of published literature that 
contained originality of thought. This was especially 
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surprising v?hen one considers the iraportance of the subject* 

A» Jooi Dean has said. 

Capital expcsaditxiro decisions fotia the fr«uaework for & 
coapany*s future develo’aaent and arc a riajor determination 
of efficiency and competitive power* ^ 

i-lost of the literature in this field was little nvsr© then 

amplification and adaptation of the tochnlques developed by a 

ftfw creative author® • 

There were several purixsses in sending questionnaires 
to selected corporations* it 'was reasoned that the data 
discovered the literature should be verified or confirmed by 
comparison with actual practices curreaatly being followed by 
American bucinossmer.. Information that would disclose the 
importancQ that top saanagment placed on th© repa ir- rep 1® cement 
problan was also desired, Furthonr^r®, it was considered 
desirable to loam the hierarchical levels and furiCtlojial aroas 
that woro responsible for tbo raaking of this decision, Jn this 
regard all inquiries wore addressed to th© president of the 
corporation; as was ©Kpected, the majority of the replies (68%) 
was signed by corporate department heads or higher. The titles 
of th© respondents ©Iso showed th© rolo that th© firm’s 
financial isanagers played In this problem* It is not at all 
surprising to find that th© larger, roore complex firms were 
using the capital budget and financial controls as the vehlclo 
for maicing repair- rep laccjcjent decisions. 

^wooi Dean, *‘Ti@asmr-ins th© Productivity of Capital,” 
liarvard Bty^ines® li.avioi-? , Jsnuary-February, 1954, o. 120, 
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The purpose of the intezrvicws with the managers of the 
Marine Corps repair-replacement decision making process was to 
ensure a sufficient understanding of how the “Corps” performs 
this task* This knowledge was desired in order to avoid the 
perpetuation of a common failing of auditors--the proposing of 
solutions with an air of expertise without knowing or 
recognizing the problesn. 

As a result of these interviews it can bo said with 
certainty that the Marine Corps has a system for making the 
repair-replacement decision. It may bo further stated that 
this syst«a is workii^ quit© -well. The crises and emergencies 
that are experienced are inore the result of the inability to 
predict the future than of any Iniierent failures in the system 
itself, 

A crltlcisra tliat might be mad© about the present system 

is not that it will deter the Marines from maintaining their 

traditional posture of readiness, but rather tiiat it is based 

upon empirical Inference which “follows the grooves and ruts 

that custom wears and has no track to follow when the groove 

disappears.”^ It migiit also bo said that the present system 

does not give the correct and obvious answer, 

Seplacenent should b© made when the required stream of 
services %?ill thereby be obtained at a lower total cost, 
or when the improvesaent in service will be worth more 

Industrial College of the Armed Forces, Fesoarch 
and Cevelomcnt , Vo I, VXIl: The Economics of Itotional Security 

(Washington, Industrial Colles© of the Armed Forces, 

1958), p. 9, 
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tlian the increase In cost,^ 

it should not be inferred chat the saanagers of this 
MariJio decision mJtins process are not interest cd in findixig the 
“correct and obvious answer.” They are, but they also want to 
Keep faith vitii the J'larlne that will us© the equipment; and 
they do not contx'ol the entire process. ”Xo be effective the 
replaccnant program must bo financially supported.”^ It is 
quite logical, but often overlooked, that if on® is to act 
economically, repairs should not be rnade for lack of procuresTiont 
dollars, nor sliould new procuresnents bo ciade because of a lack 
of mintonanee dollars. This is what is meant by the statement 
that tho replacement program must b© financially supported, 
Anything less then full support will result in tho decision 
sjekers trying to ensvire, through less economical mc^ans, their 
ability to provide tho “troops” with the equipoient ^diich it has 
been deCormtned is required by them. 



^A, A* Alcliion, Econgmic Reulacament Policy (Santa 
tonica, Oallfomia: The i;and Corp,, AprOTT27i952) , p, 1, 

2u.s., bepartment of Defense, Kotor Vehicle >tanag,e.T.ent 
vvlthin ihg PermrtiQcnt of Defeaso. U>flstic Svotegns study rrolect 
'mkse il> 1959 > p. lo« 
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CiiAPTEE II 



FACTORS AFFECT IRQ INVESTMEKT ANALYSIS 



Were it possible to sunmaon from the past a leacling 
business executive of 1850 and send him on a tour of 
American industry, w© may be sure ho vould greet with 
astonishment the transformation that has occurred since his 
day in the act of management. He would find, of course, a 
tremendous increase in the specialization of managerial 
flections, particularly in the larger enterprises, lie 
would find in the service of the executive a host of 
lanfamiliar mechanical gadgets--telephones, 
intercommunication systems, typewriters, dictaphones, 
mimeographs, and an endless profusion of accounting, 
recording, computing, and tabulating machines. He would 
find elaborate almost beyond recognition such management 
techniques as cost accounting, production control, 
procurement, scheduling, inventory control, quality control, 
job classification, sales promotion, market analyses, etc., 
to name only a few. He vould find management well on the 
road to professionalization, with numerous local and 
national societies sponsoring a growing body of agreed 
principles and accepted practices. In these and other 
respects he would not© a century of solid progress. 

There is one managerial technique, however, in which 
our visiting executive would feel very mucii at homo. 

Indeed, it is probably the only one he could take over 
without first bringing himself up to date, V/e refer to 
the technique of analyzing the replacesaent of production 
facilities. While the facilities th«»mselves bear little 
resiKmblance to their prototypes of 1850, the intellectual 
process by which the modem executive arrives at a decision 
on their replaceabillty is substantially unchanged. Given 
the requisite familiarity with present day equipment, our 
visitor could at once make analyses as good as the general 
run. 

That a technique has been substantially unchanged for 
a century need not, of coxarse, condemn it. Its 
persist€5iice may signify the attainment of perfection, in 
the present instance, how’ever, it is impossible to credit 
this interpretation. Far from perfection the prevailing 
techniques of replacement analysis are not even 
intellectually respectable. They Imve, indeed, no real 
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intellectual parentage, but ere rather specintens of 
Itidustrlai folklore handed down from one generation of 
managers to Che noxt* It is precisely because they are 
folklore that our astral executive would have so little 
CO learn in this branch of business administration. 

A good technique for analyzing re-oquiixaent 
proposals is, of course, only one of the requisites of 
good equipment policy. It is however, a vital and 
indispensable element. For if managaaient lacks the means 
to identify, withir. reasonable limits, the proper timing 
of replacement decisions in individual cases, it 
necessarily lacks the means to maintain the most 
advantageous mechanization of its facilities as a whole. 
That American industry is still relying almost exclusively 
on primitive devices inherited from the past is not merely 
an incongruity; it is a challenge to bring this retarded 
sector of the managerial art abreast of the others. ^ 

It is a fact that there has been some improvement of 
American Industry* s equipment replacment policy since this 
condesranation was written in 1950. However, as President Charles 
w. Steward, of th© Machine and Allied Products Institute, has 
more recently said, the investment decisions for replacemezit or 
modeziiization are ’’the most backward manageracnt area today . . . 
the most backward because it’s the most difficult. for th© 
reader who would like to examine the quantitative degree of 
improvement that has taken place, the writer would suggest 
that h© refer to the MAPI survey of policies and practices for 
equipment r&pL&cemmnt &nd depreciation,^ to Olm and Richard* s 



^^iachinery and Allied Products Institution, MAPI 
Replacement rionual (Chicago*. The Lake Side Press, E. R. 
Donnelly and Sons Co., 1950), Fort^ard, 

2«Kow to Find th© Fajment When l4odemization Pays Best,” 
Business Iveck . September, 1958, p, 100. 

^.achlaery and Allied Products Institution, £<mitia,r.ent 
Reolaccraent and Depreciation- -Policy and Practices ... A 
S^vev" '’(Washin'.^tonV' 
inatttut©, 1956). 
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study of selected Texas banks, ^ and to Chapter IV of this paper. 
Th© iiaprovesient that has taken place is largely the result of 
two men: Ceorge Torborgh, Kesearch isiroctor of Machinery and 

Allied Products Institute; and Joel Dean, Professor of business 
Lconomlcs at Columbia University's Graduate School of Business, 
and President of his own consulting firm, Joel Doan Associates. 2 
If, as Willlara J. Kelly has said, ”a good technique for 
analyzlTiS re-equipment proposals is, of course, only one of the 
roquisitse of good equipment policy,”^ what does constitute a 
good equip«nerit analysis policy? Dean has said that there are 
ten components to a capital- expenditure managameaat program. He 
has listed them as follows: 

1, Creative Search for Profitable Opportunities . . . 
inadvertent opportunities should be suppl^ented by an 
active program of seeking out and investigating such 
opportunities .... 



2, long, rjinxe Capital Plans ... it is necessary to have 
eem© kind of plan sketched out for the future no matter 
how tentative .... 



3, Short Capital bud.get , . , th© short txm budget 

has sever© I purposes ... to force operating tnsmageraent 
to submit . , . cepitai proposals early ... to give . . , 
Indication of the company’s aggrosato d<saand for funds 
. , , to stimulate creative thinking . , . early in the 
game, so . . . there will be , , . tto© for analysis , , . . 



^Kenneth Oln and Sandra Richard, CouitKaent 
keolacotnont Policy A 4 nong, Selected Texae Banks of Business 

Research, University of Texas, Ty^oT. 

^"iov to Find the Moment When l^oderriisatlon Pays Best,’’ 

p. 107, 



^So said Willia,ii J, Kally, a former President of 
I'laehinery and Allied Products Institute, in the quotation cited 
at the begimiin.^ of Chapter II. So© pages 12 and 13, 
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4, Koasttc# of Project Worth . , • this is the critical 
component of capital manaseraenit .... 



5. Screening and Select in «: . . • screening standards 
should be set in the light of the supply of cash availability 
• • , the cost of money , , . the attractiveness of 
alternative investment opportunities, • , . 



6, Control of Authorized Outlays . Controls are needed 
. . . to assure . . . facility conforms with specification 

• • , that the outlay does not exceed the amount authorized 

• . . keep estimates of Investment amounts honest • • . • 



7. Post-Mortems , , , to preserve integrity ... to 
provide an experience base • • • a post-completion audit of 
the earnings performance ... is needed. . , . 



8, Retirement and Pisoosal , • • responsibility for an 
investment''' 'p ceases' "'only when the facilities have 

been disposed of . . . In a dynamic economy economic 
life projections are necessarily imprecise «... 
specialized assets may come to have more value to others 
than to the company .... 



9, Forms and Procedures ... an effective system of 
capita 1-expenditure control must ... bo impl^x^ented by 
specialized foimts, writtesn project analysis, and routines 
of approval .... 



10. economics of Capital Budgeting . <3ood estimates of the 
rate of return on capital-expenditure projects require an 
understanding of the economic concepts that underlie sound 
investment decisions, as well as ability in estimating 
techniques. Such understanding can be achieved only 
through special training. ^ 

Q«^rg© Terborgh, thotigh more restrictive in his approach, 
said basically the same thing when he set forth the functions of 
good investment policy. These fimctions as he described th^ 
are: 



1, Provide a continuous and syst^atic review of 
operations in order to spot investment opportunities. 



^Joel iJean, "Controlling Frofitability," Harvard 
Business Review . January- February, 1954, pp, 121-123, 




I 



16 



2. Provide « rellebio analytical technique for appraising 
these opportunities. 



3. Maintain a running inventory of desirable projects 
ranked in the order of urgency. 

4, Provide a post audit of its own analysis. ^ 

In the consRorcial world it is not desired tliat the 

equipment replacement decisions bo made in isolation or on the 

sole merit of each indivldtuil case. Instead, it is desired that 

each project, after its individual merit has been approved, 

compete with all other projects that have met the minimum 

standards set by the company, for the resources that are 

available. This attitude is not difficult to comprehend or 

appreciate if you agree with Peter JDrucker as to ^^at is the 

first duty of a business manager. He has said: 

What is the first duty-«and the continuing responsibility— 
of the business manager? ... to strive for the best 
possible economic results from the resources curr^tly 
employed or available. Everything else managers may be 
expected to do, or may want to do rests on sound economic 
performance and profitable results over tho next few years.^ 

Referring back to tho eighth component of Dean’s 
capital- expenditure management program (page 15), the idea that 
it is the economic life of an item, not necessarily its physical 
life, that interests the investment analyst can be observed. 
Terborgh put his finger on the heart of the problem when he 



^uoorge W, Terborgh, Business Investment Policy 
(V^ashington, D.C.s ^sA-PI), p. 2b, 

^Fetor S', Drucker, "Managing for Business Effectiveness," 
Harvard Buaineas Review . P^y-June, 1963, p, 53. 
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6a id: 



Iliere is no bell that rings when the economic life 
of an asset expires, either for a particular function or 
for good and all, nor ar© there any physical stigmata to 
distinguish the dead from the living . . 

What is the oconoaic life of an itemi How is It detonained? 

The simplest and moot correct, but not the roost helpful answer 

is that the economic life of a piece of equipment is the length 

of time that its use rmains profitable, ^ A more descriptive 

and academic answer has bem given by Richard Vancil, who said: 

. , . the economic life of an asset has been defined as 
th© shortest of its (1) physical life, (2) technological 
life, or (3) product -market. For most ©quiprAcnt 
investments, the technological life is the limiting one,^ 

An example that illustrates the difference between th© 

physical life and the teclmo logica I life of an item has been 

given by i-ugene Urant, when he \jroc©: 

Lngineers often use th© phrase ’‘percent condition’* when 
referring to this impairment Ijietoriorationj of 
serviceability, , , . This so-called engineering concept 
of dep'reciaciori has too often been misused In valuation 
testimony, . , . statemente have been all too coEn::x)n to 
the effect that because an old property has only 2% 
Irapaiirroent of serviceabloiess, it is 98% as valuable as 
ever, or— even worse-- that it is 98% as valuable as the 
present cost of replacement with an identical property 









^^^achiI^ery & Allied Products Institut 
it Policy for Aa>oriea (Chicago: MAPI, 



, A Dyna’T^ic 

19'^), p. Tl 



0 



^Roolacment Costs In Industry , Koport of tho Rational 
Council ofAppIXSd^conoraic ivoseerch, Kinistry of Labor and 
ianpLoyment (i«cw Celhi, India; Covemroent of India, 1980), p, 2, 



^Richard F, Vancil, Lpaaina of Industrial fgulomegit 
(Row York: JicGraw-Hill Book Go., 
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regardlese of the f&ct that any appropriate replacamant 
might b« a q*aite different and more economical property,’ 

The Machinery and Allied Products Institute phrases it 
this way; 

Durable goods recsUlra, during their service life, a flow of 
mintenance expenditures which as a rule rise Irregularly 
with age and use. Most of th€^ suffer a deterioration in 
the quality of their service as time goes on , , , the 
quality of their service may decline relative to available 
alternatives even when it does not deteriorate absolutely, 2 

A typical answer as to how to determine what the 

economical life of an item Is has been given by Russell Read, 

Planning Director for westlnghouse Electric Corporation, who 

says there is '^probably more soul-searching, and possibly srjore 

crystal-ball technique in this area of decision than in any 

other, The most significant points that can be gleaned from 

the above discussion are the need to plan ahead, so that the 

alternative investments (replaceanents) are given equal and fair 

opportunity in competing for Che available fund resources; and 

the need to determine th© tru© economical life of the equipment 

being ©va lusted. Of the former, Dean says; 

, . , but so Ions company Is making adequate profits, 

the drive to have all capital expenditures selected on the 
basis of profit maximization Is blunted; thus, I am aware 
that maklns maximum profit is often not the sol© or even 
th© dominant goal in managlns capital expenditures,^* 



^Eug csne L. Grant and Paul T. Norton, Jr,, Depreciation 
(New York: The Finland Press, 1955), p. 14* 

2mAFI, Dynamic bouiomcnt Policy for America , p, 8, 

^Ohn and Richard, p# 3. 

^Dean, ‘»Controlllns i?rof Itablllty,” Harvard Business 
Review * p, 121, 
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C£ til® Lattftr, Peter Drucker snys; 

, , . every analysis of actual allocation of resources 
and effort in business that 1 have ever seen or made 
showed elesariy that the bulk of time, work, attention, and 
money firat goes to •'problems'' rather than opportunities, 
and secondly, to areas where even extraordinary successful 
performance will have minimal impact on results, 1 

The truth of the matter is that there Is no easy way to 

determine the length of the economic life of a piece of 

equipment, Lven the most commonly used methods of statistical 

determination tend to give something other than the economic 

life, in both the actuarial method and the turnover method^ the 

prediction is based on pest retir«nonts. If th© itisns were 

actually replaced at the end of their economic life, then these 

methods would show the averag® econ<xnical life of the equipment, 

if they wore retired at the end of their physical life, which is 

a more likely probability, then they would show the average 

physical life. If the equipments were replaced somewhere between 

the end of their economical life and the end of their physical 

life, their average age is someswhere in the ti;ilight zone, 

it Is recognized that many factors must bo considered 

In determining the economic life of an item. However, because 

some of these factors are indivisible or ere so interrelated to 

other fectore that must be considered in making any repair, 

replacement, or acquisition decision, no effort has been made 

in this paper to list them separately. Rather, a combined 

^Drucker, Harvard Business Review , p, 54, 

2 

drsnt and Horton, p. 44, 
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listing of the factors that must (according to the writers on 
this subject) bo considered by the businessmn when he makes 
his final declolon as to which capital expenditures should be 
made is presented In Table 1* 

It is apparent that many of these factors cannot be 
quantified, or, if quantifiable, the cost to do so would exceed 
the value of the knowledge gained from it. Nevertheless, It is 
the quantitative figure in dollars that businessmen understand 
the best. Therefore, it is not surpilsiag to find Philip 
Scheuble, Jr,, saying: 

The usual starting point of a replacement analysis is the 
determination of the annual cost savings or dollar profit 
improvement afforded by the. new equlisaent, the comparison 
with the status quo . * , 

Dean also say©, "The value of a proposed investment depends upon 

its future earnings, ”2 

A listing of the ol^aente that the various writers 
recoEsaesnd for consideration In making an estimate of revenues, 
costs, and the resulting savings is given in Table 2, As in 
Table 1, not a single author used or recommended the use of all 
of the iteeae listed in Table 2; in fact, there wac considerable 
disegreement as to how or whether some of thesn should bo used at 
all. In examining the rationale of each author’s techniques and 
Che reasons th^ advanced for their choice of elanents that should 

^Philip A, Scheuble, Jr,, “How to Figure Equipment 
Replacement, “ mirvard business Ti<tvlew , S opt esnber- October, 1955, 
p* 83, 

^Doan, "Controlling Profitability, “ iiarvard cuslness 
Review, p. 127. 
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TABLE 1 



MCimS AFFiiCTIKG XK£ CAPiXAL IMVESTHEI4T £>£,CISiOK 



Realistic Aspirations of Hansgsnont (Future Plans) 
General Business Outlook: 

future k^rkets 
future Products 
Action of Cosspetttors 

Priority of Replacement (Urgi^cy of Need) 

Sufficiency of Overhaul (in Restorisis Effectiveness and 
Service Life) 

Availability of Replacement Equipment 
iTEsainsnt Improvement in Future iiquipsaent 
Service Life (Economic Life) 

Alternate Uses 

Cost Savings 

Volums (Uso to be made of the Equipment) 

Future Cash Earnings 

Time Shape of Future Cash Earnings 

h'et Savings 

Tanes 

Future Price Levels (Material and Wages) 

The Standards by which the Investment Opportunities are 
Selected 

Itisk (Probability that th# Estimates and Assumptions 

Employed in the decision Making Fxocess Are Correct) 
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TAfii-£ 2 

QUAirnFlAiiL£ FhCTQiiS AlvD COST ELZi-dEIffS 
OF THE CAPITAL IKVESTKEKT DECISIOIC* 



Operating Costs 


Other Costs 


Wage Kates 


i*roperty Tastes 

Taic Depreciation Rate 


Direct labor 


Indirect Labor 


Income Tax Rate over Life 


iiTinge Benefits 


Insurance Costs 


Halnt^ance 


inventory (Level Changes 


Repairs 


Required) 


Tools 


Safety (Cost of worktsen's 


Tool Repair 
Scrap and Rework 


C^^tpensation) 


inspection Coats 


Investment 


Setup Time 


Original Cost 


Down Time 


freight 


Material Hand ling 


Taxes (Sales » etc.) 


1-iaterlnl Costs 


Handling Charges 


Supplies 
i=tew®r Costs 


Installation Charges 


Floor Space 


Estijnatod Scrap Value (Old and 


Subcontracting Costs 
Deterioration 


Hew item) 


Obso lescences 


Revenue 

Rats of Output (Old and i<ew 


Time Shape of Operating 


Item) 


Costs 


RaT.eintng Sconomic Life (old 
Olid hew Item) 
Time Shape of namings 



^Th© actual eleffi©nts utilized are depesndent on the 
technique or forsnula eraiployed in Gsai^in" the investment analysis. 




I 
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I 



I 



I 



23 



b« used, «n opinion was formed that the selection resulted more 
from the writer* s educational badcground, experience, personal 
ju<%ffli€nt, and the availability of the data, than from scientific 
study. 



in the preceding paragraphs th® factors and elements 
that are used in making the repair, replacement, or investment 
decision were discussed os facts that exist. Hothing can be 
farther from the truth. For reasons that they did not state, 
the taajorlty of the writers did not discuss th© problem of 
gathorins the data. This is comparable to a doctor v?ho 
prescribes a cexrtaln medicine for one of his patients without 
knowing whether or not it la available in the local pharmacy. 
While not ventitrias any principles which govern the record- 
keeping, Terborgh did say that: 



• «' a 



work of th© investment specialist can be greatly 
facilitated by th© keeping of records pertinent to hie 
analysis, such as maintenance expenditures, machine 
i^iours '^Jriked, down time, spoilage of work, and other 
items, * 

The maintenance of current and accurate property records 
and the keeping of reliable maintenance end cost records are 
essential to a controlled mintenance program, and are kept by 
many of th© larger and/or more progreesiva business firms, 2 
Bowover, as stated In a researcii project conducted by th© 



^Terborgh, p, 22, 

^Richard J, tiianweil, ^Controlling dlant and i^qulpment 
Co©ts,‘’ Corporation Treasurer* s and Controller’s H&nd^ok , ed. 
Lillian Doris il-^ew Tork: Rrcntlce-l^il, "300 , 
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riinistty of Labor and uaployjnent, Government of India, 

the oarpenditxirsft incurred in repairs and maintenance is 
on important influencing factor in th© replaccsnent of 
fi»:ed equipment, out firms generally find it difficult 
to maintain separate accounts of repairs and maintenance 
for individual items of equii«aont; at best they keep 
accounts for groups of assets,^ 

The forces that seem to havo the greatest effect on the 
task of record-keeping) and which seem to create most of the 
problems Iti this area) are the cost of record-keeping versus the 
funds available for this purposcj the validity of the data that 
has been recorded, and the use inade of th® information collected. 
It costs money to maintain records and it is not often that th© 
expanse can be justified if their sole use is for investment 
analysis,^ Ihls is particularly true if the aaialysis action 
occurs irrogularly or infrequently. The validity of the data is 
ftff€«:ted, not only by tha accuracy with which it is recorded, 
but also because history never repeats itself— at least, history 
never repeats itself to the extent that new assets have exactly 
the cam© cost expenditures as th© old ones which they replaced. 

In many orsanizatlons it is questionable vdiother the recording 
systm is kept to record th© data or the data recorded to 
perpetuate the systesn. The importance of knowing the use to b® 
made of the infoxsvition collected was stressed by lerborgh, when 
he said: 

Without a good analytical technique for individual investment 
projects, no amoui^t of system and organisation can produce 

^ t'eplacer?ient Costs in Industry , p. 6, 

^Terborgh, p, 22, 
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satiefactory roeults. Once a good toclinlque is adopted, 
on the other hand, the creation of an appropriate 
adninistrativo setup for its application is coatparatlvely 
siiapl©.^ 

In spite of the cost and difficulties involved, it is 
desirable to laake specific money estimates of the cost and 
revenue flows that are affected or will be created by the 
investment decision that is mado, When tho cost ©lerients arc 
not available from rocords, or their validity is questionable, 
an OTtgineerlng or operation study is normlly made* in this 
respect there is no difference between a good operational study, 
which consists of the same cost aliments for one syctess 
(technique or formula), and a good one for another; in fact, 
the analyst does not need to know at this stage what formula 
i^ill be used.^ 



lowing the factors and the cost eleraonts used by ssodosn 

businessmen in trjaking the investment decision does not 

necessarily portray the rational© or process actually followed 

by tho decision makers, Vancll ha© sunsswirized the rapair- 

replacament- investment decision inaking process as foIlo%;s; 

In reaching a final decision about a proposed new 
investment, rsost businessmen use some variation of a 
two-stop app»roach, 

1, Lcduce as much of the information as possible to 
quantitative term© and stmsmarlKe it into on© figure whicli 
measures in some way the attractiveness of the investment. 



P* 

^- .tbld* , p« 82, It slxould be noted that lerborgii does 
not consider many systems, other than his own, to be good. 
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2. Ueo personal knowledge end experience to decide 
whether the risk of investment, and other subjective 
considerations which are not easily measured are adequately 
compensated for by the quantitative results measured in 
step 1. 



The second step is the more difficult one, of course, and 
little practical progress has been made In helping the 
businessmen to exercise their judgment on this phase. ^ 

It is the difficulty encountered in trying to accomplish 

this second step that has motivated the more optimistic writers 

In this field to review, revise, or invent techniques or 

formulas that will facilitate the quantifying and interrelating 

of the data used. 

While not claiming that their techniques are scientific 

in nature, the authors of the literature on investment analysis 

are trying to use methods whose characteristics res^ble those 

of the scientific method as it was described by Alain Enthoven. 

Those characteristics are; 

First, . . . the method ... is an open, explicit, 
verifiable self-correcting process .... 



Second, . . . j ttethod is objective . . , . 



Third, . . . each hypothesis is tested and verified by 
methods approoriato to the hypothesis in question . . « 
historically, et cetera .... 



Fourth, . . . quantitative aspects are treated 
quantitatively ... .2 

And so it must be if there is to be further improvement in this 
field of decision making. 



^Vancil, p, 56, 

2 Enthoven, p. 154 
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in th© noKC Chapter the raechanics of the invest^'Ticnt 
techniques laost cossaonly discussed in th© literature V7ill be 
presented. 



CHAFl'ER III 



I’ECiiNlQUES OF IHYESXHefX ANALYSIS 



Xhie country too Has its quota of machanlcal zombies. 

One reason for this condition— 'though by no means the only 
one— -is a frequent lack of understanding by business 
management of the principles properly goveraing the 
economic life of a productive facility. There are 
available, of course, a multitude of "replacement formulas," 
but unfortunately o^st of them are too complex for the 
average executive. Even more unfortunately, they yield 
widely different results when applied to the same set of 
facts; hence it is often tnore difficult to decide which 
formula is correct than to apply the on® selected. For 
these reasons it is not surprising that elaborate 
mathesTiatical procedures for timing replacement have only a 
limited currency in American industry. They yield in 
practice to a simpler application of "business Judgment,’* 
aided frequently in lieu of a more scientific formula, by 
some simple rule-of-thumb test that happens to be favored 
by the executive concerned.^ 

The emphasis of study and iraproveR'.ent in investment 
analysis has been in the techniques and formulas that have been 
developed to quantify the results of capital expenditure. 
iSowever, before coming to the conclusion that this weighty 
problem has been solved, let us consider what Vancil has to say: 

Any quantitative measure of the attractiveness of an 
investment project is nothing more than a collection of 
aesuEnptions and estimates about the future. A good 
analytical procedure for dealing with these estimates is 
desirable, nevertheless, in order to sununarise the estimatea 
into one or two taeaningfvil figures and to avoid any flaws 
of logic along the way , . , 



A Evnamic Eouiraaent Policy for America , pp. 15-16, 
^Vancil, pp, 74-75. 
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However, because there have been improvements in the 
analytical technique and because it is desirable to have ''good 
techniques," "to svKcnarize," and "to avoid any flaws of logic," 
it does not follow that the formulas in use today are either 
logical or good. 

Before examining the rationale of the six most commonly 

described techniques, It will be helpful to review the objectives 

that I}ean and Xerborgh have sot forth for good investment 

analysis systems* Dean said that: 

♦ , , a good yardstick of investment worth should strrcnarize 
in & single figure all the information that ie relevant to 
the decision whether or not to make the particular 
investment, and non© that is irrelevant. It should be 
applicable to all types of proposals and should permit 
appraisal in terms of a single set of standards; also, 
it should provide an index that is relatively simple to 
compute; once the basic data on the proposal have been 
assembled, the operating people should be able to measure 
the project’s woirth easily and without any need to explain 
how they do it. Finally, the yardstick should permit 
simple adjustment to allow for ranges of uncertainty in 
the earnings estimates, since one of the facts to be 
taken into account Is man’ s inability to see very far 
into the future with any great precision,^ 

The requirements for a good formula, as they have been 

2 

listed by Xerborgh, are as follows: 

1, It must solve the right probl&m, 

2, Its assumptions must be clear and explicit, 

3, It must project future deterioration and 

obsolescence. 



lDean,"Controllins Profitability," Harvard Susine^ 
Review , January- February, 1954, p. 123. 

^Xerborgh, p, 8. 
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4. It must ellow for different service values. 

The allowance for obsolescence should cover service- value 
obsolescence as well as cost obsolescence. 

5. Xt must allow for Income tax. 

6. It must handle both present and future salvage 

values. 

7. It must accommodate future capital additions. 

8. It must be adaptable to a wide rang® of projects. 

9. it must provide a consistent ranking procedure, 
iO, it must be simple to apply. 

The six theories that prevail in the literature are; 

1. The Intuitive Kethod, 

2. The Strict fay -Out Requirement Method. 

3, The Discount-Cash-Flow Method, 

4, The /tnnua.1 Cost Method, 

5, The Present-Viorth Method, 

6. Formula and Charts by Machinery and Allied 
Products Ii^stitute. 

The Intuitive Method 

The Intuitive Method, coDOtiiGos called the ”hvmch," 
the sixth aense, or even judgment, is conda'sned by all of the 
writers in the field; and yet it is the oldest and most 
frequently practiced method. Hhile disappointing, this should 
not be too surprising, for prior to World War II, the state of 
our technology was not changing very rapidly. The manager’s 
past experience and the empirical data that had been accumulated 
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were sufficiently accurate in projecting estimates of future 
costs to be useful in making capital expenditure decisions. In 
today's age of d3mamic technology this is no longer true; to 
make matters worse, the simple ratios and other mathenatlcal 
formulas are now less th&n adequate to evaluate the numerous 
and varied alternatives that face the decision maker. So, just 
when the businessman needed help the most, his traditional 
formulas failed him and he had to rely, more strongly than 
before, on “persoml judgment." Intuition is not a solutlon-- 
it is th© problem, for, as Business Week has aptly put it, 

"the trouble with intuition is, capable mon don't agree. 

■y~Out F.eGUirement Kethod 



the "short pay-off" and as the "pay-off method," It le the 
oldest of the forriialired methods of ranking Investnient 



relationship between the required dollar amoimt of th© Investmant 
end the estimated Initial annvial operating advanteg© from the 
project, its formula can bo expressed as follows: 



The annual advantag© is divided into tho investment to give the 
pay-out period. Xhus, if the initial advantage, is $3,000 and 



The Strict Pay-Out Requlrenent Method l« also itnown es 




Pay-Out Porlod = 



I 



Annual Saving 



Woc^ . Ju , , , p, 84. 

and Richard, p, 6. 




Rew ix^uipnent for Highest Profit," Business 
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Che invescisent ie $10,000» the pay-off period is 3.33 years. 

This method has been criticized by most of the writers, 

particularly Terborgh, Doan, and Norton, Xerborgh has stated: 

Xhe basic idea of the device seome to be to find the period 
of time it will take to recover the investment in « project 
from the resultant cash flow avaiiablo for that purpose, 
in other tv'ords, to find the cash break-evon point .... 

It must be obvious, first of all, that the pay~of£ period 
so defined is not a gauge of prospective profitability, 
but rather of the turnover rate or liquidity of the 
investment .... Obviously the mere recovery of an 
investment to cash yields no retxim at all. If there is a 
return, it must be because of additional receipts from 
comitments over and above this recovery. 

The popularity of the short pay-off requirement ie 
unfortunate both for industry and the country. For, as 
currently eanployed predominantly for periods of three years 
or less, it 1» a drag on progress without Justification or 
excuse save tho advantage of convenience,* 

Dean has stated: 

Payout period . , , is a misleading measure of capital 
productivity,* 



It can be used as a coarse screen to shorten the analysis 
of the best and worst capital proposals. Payback, however, 
has basic defects: It overweighs the importance of 

liquidity, ignores capital wastage and fails to take into 
account the earnings of the project after the initial 
outlay has been paid back .... Payback, consequently, 
is neither inclusive enough nor sensitive enough to be 
used as the company's primary measure of investment worth 
In most situations. 3 

Norton has stated: 

Tills method is supposed to have the advantage of 
simplicity, but It is really not at all simple when full 



H’erborgh, pp. 29*30, 

^Joei Dean. C apital Sudgetia?. (i^cw York: Columbia 

University Frees, 1951), ?. i2, 

^Joel Dean, Control for Capital Expenditures (Sew York: 
American kanagement Associati^ii, o. ' ' 
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consideration le given to all of the factors that should be 
considered, i cannot conceive of any situation where some 
other method would not be better than this method.* 

Til© attitude of these writers is neatly summarised by 
01m and Klcherd as follows: 

The strict pay-out , « . derives its importance not from 
the intrinsic worth but from convenience of application-- 
e« evidenced by its widespread use by executives in 
channeling funds for capital exp®iditures . ^ 

iiowever, it is suggested that businessmen use this 
metbod in considering %dien the invested money would again be 
available. After all, there is still some truth to the old 
adage--**Oa» bird in the hand is worth rwo in the bush," ^hile 
they did not state this idea in so many words, several writers, 
who were mors operationally oriented, hinted at it,^ 

-Cash-Flow Hsthod 

The Discount-Cash-Flow Method, developed extensively by 
Joel Bean, has often been referred to as '^Sean’s »-tethod.‘* In 
Its simplest fom xt is known a® the rate of return of the 
investment. Xt© underlying principle is that, if the true rate 
of return of the investment is the rate vdiich equals the present 



^Faul T. horton, Jr. , bone Industrial Practices in 
Ceoital Coode. AcQuisltion. and Koplecement . An evaluation of 
Analytical TechniquiTs of ^xigineering economy. Papers of 
ingineering economy Committee (Urbena, 111,: American Society 

for Laglneering education, June, 1954), p. 121. 

and Eichard, p, 8. 

%cheuble, Harvard Business p, 85, 

Also "Capital Budget lng--i:iow to Uco it Constructively," 
Asaociation of Conmtltlny. HensKement L'ja.tlneors keporter . 1958, 

p. '4, 
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value of outlay with present value of unifoirm cash ecmingE over 
the life of the project, then the ratio of these flows, Xvhen 
discounted at the trite rat® of return, is equal to unity, ^ Xh© 
following equation expresses the method of solution:^ 



r ® 



U 

I 



u 

.1 n+r' 



where 0 » uniform cash earning flow, 

r *= true rate of return on the investraent, 

1 as amount of investment, and 

successive values of r are substituted on the right hand 
side of the equation. I’he annual earnings ar® 
divided by the investment to yield the rat® of 
return. 

In this form, as is pointed out by several authors, the equation 
is the reciprocal of the pay-out formula. 

while several vnriters expressed a liking for the overall 
approach of this method, Terborgh and th® Machinery and Allied 
Products Institute classified It as a rule of thumb device, 

Ihey cKpIainod that this method gives no clue to tho rat® of 
return required and that it states as false profits what may bo 
relief from looses caused by th© unnecessary deferment of 
replacement,^ Torborgh goes on to say: 

Any device or foinnula for replacement analysis that does 



^Olm and tU.chard, p, 9, 

^tdlton ll, Jpencer and louis Siegelnian, 

Economics (liomewood. 111,: Bichard Irwin, Inc,, 1959^, p. 389. 

Eenlacgn^ont M.anual , p. 6. 
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not eKpIicitly nail do\m these variables [[future 
development sj by estimation and assuraption is a snare and 
a delusion.^ 

The Annual Cost lietbod 

The Annual Cost Method may be defined as a basis for 
comparison for non-uniform series of asoney dlsbiursements when 
money has a time value. 2 f,orton defined the objective of the 
method as the determination, by means of replacement studies, of 
the annual cost of owning and using one or n«sre proposed machines 
and of continuing to own and use a present machine, ^ Of the 
various methods of making the investment studies, the annual 
cost of capital recovery with a rate of return seems to be one 
of the more widely used systems.^ 

in computing annual cost, investment is multiplied by a 
capital- recovery factor. The formula for the capital-recovery 
factor (erf) may b© stated as follows: 



erf » 






where 1 » minimu:a attractive rate of return, and 
n a» ntanber of years with Interest rate, i. 



^ Ibld. . p, 8. 

9 

*"Cugen« L, Grant, Principles of j:n^in6erinR economy 
{tlGW York: Colvsnbia Unlvcr s it'y dress ' V ) 51 )*, ' ' '? • ' 



3|iorton, p. 122. 

end Richard, p. 12* 
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The following example from Grant’s work will illustrate 
the method more clearly:^ 

Machine A 

Investment » §10,000 

Annual disbursement in connection with 
o<mership * $2,000 
Life of Machine * 10 years 
Minimutn Attractive Rate of Return * 6% 

Capital Recovery at 6% » (§10,000) (0.13587)= 

Annual Dtsburoements * 

Total Annual Cost s 

^^fichina B 

Investment * $7,000 
Annual Disbursement * $2,500 
Life of Machine » 10 years 
Hinimum Attractive Rate of Return « 6 % 

Capital Recovery at 61& » ($7,000) (0.13587) « $ 951 

Annual Disburseanents * 2.500 

Total Annual Cost » $5, 4'$! 

Thus It may be seen that Machine A has the lower annual cost. 

Again Terborgh has a cotmient to make; 

It is not sufficient to use a future life which gives the 
lowest annual cost of owning and using the proposed machine, 
because Inadequate consideration is given to the fact that 
year by year in the future the machine* that will be 
available for replacement may be expected to become better 
and better in comparison to the machines available in 
previous years. ^ 



$1,359 

$3,359 



The Rre8ent-.V«orth Method 

Xho Rrosent-tiorth Method takes into consideration that 
”a present-worth dollar is the value today of a dollar invested 
at a certain interest rate, a given number of years from today. ”3 



^ Grant, p. 87 

2oim and Richard, p. 13. 

^Claude S. George, Jr., Hanapement in industry 
(iJislev?ood Cliffs, Rew Jersey; Mrent ice-ha 11, inc., 1959), 
p. 265. 
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‘£ho fonnula for cosputtrif, the sLngle-paynent present-worth 
aoiouat siay be given a 8 follov^s: 

Present-Worth of Money « Future Money 

The present-worth forcsuia is similar to that for the 
calculation of th© <iiscounted-cash-f low method, which has been 
previously described. The difference seams to lie In the fact 
that discount©d-cash-f low ses^s an interest rate which discounts 
future earnings to a present value equalling project cost, while 
present-worth seeks a cost comparison, similar to the annual 
cost method* Thus, present-worth can b© considered ©s a basis 
for monetary comparison, as distinguished from the dlsco\mted- 
cash-flow method. The present-worth factor for uniform annuel 
series payments my b® considered as simply the reciprocal of 
th© capital-recovery factor used In computing the annual-cost 
method. 

In spite of its discussion in the literature, Norton 
contends that the present-worth method is celdoiti used in 
cosipetitiv® Industry. ^ 

mPi Method 

Th® MAPI Method, developed and refined principally by 
deorgo Terfoorgh, is the most recent and perhaps the most 
©ncompass^jig formula that has been dwised. Z4-kc most procodures 
for assesslns the merits of business Investsieat proposals, the 
f-iAFl systJ3sn is addressed to the tx«5 basic questions! 

1, wiiat is the curr«a!t annual (next year) operating 
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^iiorton, p, 123 
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edvmitag,© froa tha project and by how much will It Improve the 
operating results of the business? 

llhat is the Investment merit of the project (rate 

of return)?^ 

The approach that, to Terborj^ and hie assistants, soesme 
to mahe the most sense 

, , . derives the rate of return by cenaparins initial 
annual operating advantage, after income teK and 
der^roclation ^ with the in it iaT”in vestment ("the initial 
not lnvosto«sot If there ar© disposals incidesnt to the 
project) 

The determination of this rat© of return is not as simple 

as it might appear* This approach 

t/ould sivo the right answer if the correct figures were 
supplied, , , . It my be possible to make a reasonable 
estlsmto of the initial annual operating advantage from a 
project* It may bo possible to estimate sotisfactorily the 
Investment required , . , pooslbl® to canpute tho income 
ta3£ chargeable against the initial advantage and to obtain 
this advantage! after tar, hut it is not possible to say 
what further charges should be aad® against this after-taK 
advantage for tho initial annual consumption of the project 
investment. This is the missing link in tho calculation,'^ 



This is a reel headache; not only is it an unfamiliar 
magnitudo to estimate (nen? investment, the operating 
advantage, and capital consumption avoided being by 
comparison comnsonolecc) ; It is crucially important. For 
tho result of the calculation is highly sensitive to 
variance In the figure supplied,*^ 



Terborgb and his colleeguee have given contintioue 

and imaginative effort to this task of providing businesiKnen 
with a simple and quick rasthod of epproxinating thoir projects* 
first year capital consimptlon cost, llils effort has led to th© 

^Terborgh, P. 81, ^Ibjd, , p, 34, 

^ Xbid, , p. 34, ^ ^Xbld, , p, 64, 
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croatlon of a set of standard charts. The charts theatsolves are 
produced from an elaborate mixture of; the rate at which the 
nmr project's earnings will doclin®; the service life of the new 
equipment; its final value for sale, trade-in, or scrap; the 
corporate tax rate; tlie company's depreciation systesn; the 
ratio of tho company's debt to Its total investment; the 
interest rate It pays on borrowed capital; and the after-tax 
return it gets on equity capital,^ 

The MAPI charts have pre-computcd all of these things. 
They have assumed that a 25% debt ratio, a 3% interest rate, 
and a 10% after-tax return on capital are about the normal for 
most companies. There are tixree charts because MAPI offers the 
analyst three general patterns In w’hlch the earnings of a new 
machine will decline over the years of its service life. In some 
cases the annual earnings predicted for the new machines will 
have declined by ono-half by the time they have worked half of 
their sorvico life; in others, annual earnings will have 
declined by only onc-third when the machine's service life is 
half over; and in some cases, annual earnings will have shrunk 
by tt/o-thirds when half the new machine's estimated service life 
Is gone. 

The logic upon which the ilAFI Method is based is as 

follov;s : 

^ Ibid . . pp, 114-115. 
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For c>ost projects the absolute rate of rcttim^ cannot be 
estij::)ate<'l. 



With til© cxcoption of IndepcnUcait project© it norraally 
misranks €^9cxx those for wtiich it can bo estiiaated. 



Ih© r«xi|tina factor aauBt therefore be sonie kind of relative 
return,'^ 

in of the fact that there are ntmorous relative 

rettams for the sane project at the sasie point of tisse, it 
i© necessary to identify the on® that reflects the real 
urgemey of tho project to tho business. 



Since these returns are relative to going on without the 
project for various periods of tto®, the basic probl«n is 
to idc2S5tify the right period of assumed development . 
*#»«©©«*«••«•#©««•©©*»«•♦•«• 

The worse tho defcaaiiont with which a project is compared 
(the larger the losses timt would ba incurred in Its 
abc®o,c®), the higher tho rolativo retumj the better the 
alternative, the lower It Is, 

««♦•<»<»•«»««»•««»•©•««♦«©#•»»«« 

1-^at a project can make as against bad dafoment alternatives 
Is of no consequence so long as better ones ere available, 
its real urgency is doterained by what it can make against 
its best alternatives. 

Since the best deferment altomative is the one relative 
to which tho returri from a project is the lowest, the lowest 
relative return obtainable is the measure of urgency. 



^Terborgh defijites the two kinds of returns on page 39 
by seylng: 

Basically, there are two dlffermt kinds of returns from a 
project, xdiich we shall call “absolute” and *’roletlve,” 

The absolute return depends on the oKces© of the revenue 
generated bv the oroleot over the 

by it * Since there is only on® stream of revmue end on© 
of costs, there is nocesearlly only on© stream of difference 
botn?e«n the two, h^ce only one absolute rate of return 
based on these differences. The relative return, on the 
other hand, depends on the differetaco between havlnr the 
project and fioiaft withoutllt lor 'a"'s 
licro thoro my be a« many rates of return as there are 
possible periods of deferment, 

^ Ibid, , p. 39, 
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it follows that th« problem of investmont analysis is to 
ostlmato jnlnimutn relativ® returns. 

These ainirnura rolativo returns are the rahklns factors v;o 
are after.' 

These rainicsu?a relative retiirns are arrived at by 
detcntiining the mintoun relative return for each project by . 
using the fomula, ‘ihis forasulo, which uses five laasnltudes 

o 

may be expressed as follows: 



Eato^of Ivotum,® x lOO « 7* 

ivfithout taxec; 1 



Eat© of Eetum « 24^3 5 x 100 » % 

(with tax) 1 

whore: 

1 « net investment, 

2 « next year opera tins advantage, 

3 =* next year capital consumption avoided (loss 
in disposal value + next year’s allocation of capital additions 
required) , 

4 a next year capital consumption incurred 
(depreciation of new Itesri), and 

5 » income tax adjustaent. 



Ih© actual mechanics of the MAPI system consist of 
recording the data which leads to the finding of those five 
laasnitudes on & prepared form. While MA.Pl recoKsmends that each 
firm using this method develop a fom that will meet its 

^ Ibld. . p, 57, ^ Ibld, . p. 60, 
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particular needs, the forji must: 

1, Show the urgency rating of the project (the 
next-year after-tax return on net investment), 

2, Show the next-yoar gain from the project, in 
dollars, ae compared with going on without it for the year, 

3* Show tho next-year not gain, in dollars, after 



tax, 

4, Show the next-year capital consumption. 

5, Provide the data necessary to find the rate of 
return on equity capital. 

6, ^take it possible to compute the rat© of return 
on the gross project investment, 

7, Show how much of the net inveatment will be 
recovered to cash during the yoar as compared with going on 
without the project,^ 

The iiflichincry and Allied Products Institution believes 
that their method offers certain advantages over other methods 
of investment cmalysis, Ih© advantages claimed for their system 
are; 

1, It takes future deterioration and obsolescence 
into concidoration. 



2. It takes cogniKsne© of revenue differmc© as 



well as cost difference, 

3, It is applicable to a combination of replacement 
and expansion projects. 



^ Ibid, , p. Ill 
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4, it provi<3es a usable Tneacure of tho cost of not 

replacing* ^ 

The vary factors that are considered to be advantageous 

by some people are often the seme reasons why others dislike the 

syetera. So it is with the first of the advantages listed above, 

Joel Dean is not enthusiastic about this nothod because ‘‘it is 

hard to say that the method produces better guesses about the 

effect of future obsolescence than tinkering ’with the average- 

cost curve, He seems to feel that the average minimum-coBt 

rule could be misleading to those who are not wary because the 

formulas used to compute the charts are based on the stiff 

asstsaption that operating costs plus obsolescence inferiority 

increase through time along a straight ilne. in discussing 

reasons other than obsolescence which moke the average mlnitaura 

cost rule unrealistic, Dean sayss 

Changes in demand, competitive relations, and price 
structure can restore value to a machine that by the 
minimum-cost rule has become ripe for rcplacisment . 3 

However, these end many of the other ujifavorable comment s 
that have been made eeem to hinge on the fact that the authors 
of the method are representatives of equipsaent manufacturers. 

In recognising the limitations of their own method, i-'Al'L made 
this coament; 



Replacement Manual , p, 16. 
^eXm and Richard, p. 15. 

3 Ibid, . p. 16, 






iMiMI 






Hi «, 










i 


















^ m 




















f • 



■mm ^ it % 0^. 



i 



( 



I 



'•'m 



I 



44 



Certainly you are better off with a rationally contrived 
guide to judgment, whatever Its limits, than with the 
hocus-pocus that now passes for replacement analysis. With 
a good fotraula you wlil still miss the bull's eye in 
individual cases but you will develop over a period of time 
a better average ecor© than by shooting blind. In the end 
it is your average that counts.* 

in the preceding two chapters the aspects of tho 
investment decision most commonly discussed in the literature 
have been described. The lack of current written material tends 
to make one wonder whether n&vi methods may have sprung up, or if 
some methods may have been overlooked In the research process. 

In Chapter IV the results of a survey are presented from which 
an opinion can be derived about the ©Klstence of such & 
possibility. 



^ HAPX fteolacemcnt Manual , p, 19. 
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A SURVEY OF 1‘TOUKTESN CORPORAIIOINS 



Xh© routine replacment fallacy maintains that scheduled 
periodic repIacfiK^aent of capital facilities Is a practical 
and profitable substitute for an individual investment 
analysis of the economic desirability of individual 
replaccar.ent, Bor example, many fleet otmers replace raotor 
trucks on a routine basis (i.e,, after a certain number of 
years or a certain number of miles) rather than by finding 
whether added not earnings from replacing an old truck with 
a new one will produce an adequate return on the added 
invofttiaant , ^ 

One of the objectives of this paper is to detortuine the 
factors which influence businessmen in making their decision as 
to v;hether or not to repair or replace aquipment it«aas. the 
method that x^as chosen to accomplish this objective involved 
researching the literature for a tentative answer. Ihe temtative 
ansx^er vac then to be verified by specific inquiries to selected 
corporations, 

in the preceding chapter a listing of the factors and the 
elcaaents has boon given; however, it was seen that there are 
different opinions and mixed emotions about hox^ they should be 
utilized. Fortunately these authors are nor. as divided in regard 
to xjfhat it is that should be deteztnined from these criteria, as 
they are in bo what the criteria should be, I^ost of the 



^&aan, "ttecisurins the Productivity of Capital," 
harvard ijifslness Review , January-February, 1954, p, 125, 
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vrrlters are in agroeaient that it is the econoxiical Life of the 
itaa and the rat© of return that can be achieved viriich they are 
interested in determining, 

Khile the objective of the svarvey wag to verify the data 
found in the primary iiter&ttire, it was by no meana the only 
objective, llie purpoeea of the survey were to discover whether 
the factors of the repair- rep le,cemmt decision malcing process 
(as discussed by the writers in the field) were actually used 
In American business; if there were factors being used in 
business which had not been described in the writings; what 
importance businessmen attached to each of these factors; which 
hierarchical level set the policy for equipjnent repair and 
replacement; and which hierarchical level actually made the 
repalr-roplacacaent decision. 

In selecting the corporations to which these questions 
were to be sent, three general guidelines wore developed. 

First, the ftms that were to receive inquiries had to be 
ascertainable as owning or usins a large ntssiber of operatins type 
equipments (versus aianufacturing equijsnents) , Second, the 
businesses were to have extended and divers© operations. This 
was the fttost difficult of the guidelines with which to comply; 
all of the firms replying hav© diverse operations, but in tvro 
cases the eico of the geographic eroa covered by their operations 
that of a single large metropolitan area. Finally, the sise 
of the organization was a determining factor. All firms to whicli 
inquiries were sent have property (equipment or operating assets) 
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V£ilued (sfter consideration for depreciation) in excess of one 
million dollars. 

A total of twenty-one corporations was selected and each 
was sent & <juestiormalre consisting of six questions. These 
questions and the replies recoived are given in the latter part 
of this chapter. Th© majority of the business entities chosen 
(Table 3) are engaged in renting, leasing, and/or providing 
consultant service for tsiotor transport fleet operations. The 
prim© reason for selecting firms involved in automotivo fleet 
operations and/or loasing operations is that organtsationa so 
engaged are easily identifiable as moetlng the guidclinos set 
forth above. Another factor taken Into consideration was that 
in amny respects the problcsas encountered in managing a motor 
vehicle fleet are more nearly parallel to the military situation 
than other aspects of civilian business operations, Sut, though 
similar, it would be incorrect to concentrate on s?otor vehicles 
for this reason alone. Although the firms in this category arc 
priisarily engaged in motor vehicle operations, they also lease 
or manago aircraft, nining equipment, locoff»tives, barges, 
piroductlon machinery, and office equipment. 

To enhance further the diversity of th© survey, 
information was requested from four other general types of 
businesses. Tifo of these general categories are each represented 
by a single firm. One of these corporations owns, leases, and 
repairs (their own) railway cars of various tjq^es and models. 

Ihc ocher ov^ns and operates mrino equipment, which is used to 
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transport supplies and personnel to off-shore oil drilling rigs. 
This firm is procently operating in two oceans and is serving 
four different goographlcally disbursed major oil fields. 

Iho inclusion of the third general type of business— 
that of office machines and electronic equipmemt— V7as stymied 
when Information which had been anticipated could not be provided 
by the firm from which it had been solicited. The reason given 
for the refusal was that “company policy” prohibited the release 
of this inforj?^tion, since it was confidential. 

Xb.® final general type of business from which Information 
was requested was that of the petroleum industry. This category 
was selected because of the ease with which It qualified under 
the rules of selection; in addition, it desired to ensure 
representation from firas V7lth large formal hierarchies. The 
Inclxision of such organisations was desired because the 
organisational structure of the Oepartoent of Defesnse is 
characterised more fay its magnitude and formality than by 
anything dec. 

Ihe response to the inquiries was gratifying; 50% or 
better in each general category and 66% overall* Of the fourteen 
responses that were rccclvod, oil but throo materially added to 
the findings of the survey. Of the three that did not contribute 
materially to the survey, one firm pertained to the vehicle fleet 
management group; one to the railway car leasing group; and 
one to the office machinery and electronic equipment group. It 
ie felt that the lack of those throe responses does not affect 



m 



& 


















M «W 





i 

I 












4\ 








« 



§ ^ • 




I 



t 







I * M» 









# » 
















4i^ 












50 



th« validity of this study, particularly in view of the total 
nanbor of responses received. 

All inquiries were addressed to the presidents of the 
corporations. The purpose of this vas to increase th© response 
and to see if, wh«ai the task of replying was delegated, any 
pattern of hierarchical level or functional area would develop. 
As cKpectod, such patterns did develop within the general 
business groupings, Th© exact treads are shoxm in Table 4, 



Ti\i^it>4 4 



TIXLJs: OF E£SjeOh'D£E BY BUSIf?£SS CAIK^OFiY 



Type of business 


Title 


(quantity 


Petroleum 


Comptroller 


2 




Assistant Compt£x>ller 
Mgr», General Account 


1 




bopartraont 


1 


Vehicle Vleet Fienageniont® 


President 
Secretary to the 


1 




Prosidont 


1 




Vice Prosident^> 


4 




Unidentified 


1 


Hallway Car Leasing 


President 


1 


Office Gt Electronic 


Federal Special 




Equipment 


Kepresentatlvc 


1 


Marino Transportation 


Jiractor of riescarcii 




Service 


and Developctent 


7 

Jk 

vr 



^Corporations In this category also leas© or manage 
material hsndlins equlpciex^t, busses, airplanes, helicopters, 
loccKOottves, barges, mining equij^ent, production machinery, and 
office squigffiient. 



^Cne Vice x^resident was specifically identified as Vice 
President of Operations. 
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In tha larger rK>re complex potrolotam firms the ensvera 
were parovicJed by personnel bearing titles that vould indicate 
they perform controllership functions. Ac will be seen in the 
answers to tho survey* s questions, these orgenirations know whet 
is meant by financial nanasement, and they are using it as a 
tool in maintaining control over capital expenditures, 

Th© roplies from the firms engaged in the operation of 
equipment, primarily for the service of others, ware signed 
almost exelucively by top management officials. It can be 
assimed that these are line personnel directly involved in tho 
operation of theso ascets, Within these organizations it can be 
hypothosiaed that the Investment decisions are less routlnlzed 
and more intuitively resolved than those in Che petroleum 
industry. As always, however, there ar© ©icceptions; one of the 
larger fleet managesaent firms maintains detailed records on 
40,000 vehicles and ha© developed sets of specific standards for 
the replacement of equipments. In spito of the techniques used, 
iBanagement makes or reviews all decisions that are made, 

.Aon indication of tho importance placed on the invoctnont 
decision can b® gained by grouping tha replioa by the title of 
tho signer, auch a suKsaary is given in Table 5, The title 
appearing most frequently in th© responses was that of Vice 
Fresidmt; there were four of these. The next most common 
titles were those of i^resldont and Comptroller, of which there 
war© two each. Adding to these the responses signed by the 
director of _J3cearch and *;ev 0 lop«nenC gives a total of nine 
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TABLE 5 

SUMMARY OF RJESFONDEfiS BY TITLE 



Title 


Quantity 


Proaldcnt 


2 


Vice President 


4 


Secretary to the President 


1 


Comptroller 


2 


Assistant Comptrollor 


2 


Hsnoger, General Accounting 
Department 


1 


Director of Research and 




Devolojxnent 


1 


Fodoral Special Representative 


1 


Unidentified 


1 


Total 


14 



replies, or 64% that were ©isned by upper level (corporate) 
nanagemont. This is taken as a positive sign that replactssent 
docisiona are important and that they have a vital influence on 
the “economic lifo“ of the ccatpany itself. 

Ihe actual questions asked and the replies received from the 
individxial fix^as are given below, grouped by general business 
categories. The designations— Firm A, Firm B, etc. --that 
identify th© individtial replies do not identify spocific 
corporations. Under each question thaso title© identify 
different flmts. This has been don© in order to respect th© 
confidential nature of eomo, but not all of the replies, with 
the exception of question 2, thoro are two tables inrinediately 




53 



following each ciuoetion and the replies thereto. Ihe first of 
these tables is a stromary by type of business of the number of 
replies received, and the ntimber of usable answers to the 
question. The second table is a stxtmary of the actual replies 
to the question. 



Question Hur.:iber l .«»~Vjhat criteria (factors) and/or policies are 
used by your firm in deciding v^bether to repair or replace itcsas 
of equipment? 

Petroleum Industry: 

Firm A: Economical evaluation of dollars involved. 

Alternative repair-replacement 
posalbilitles. 

Safety standards. 

Repair capability. 

Availability of replacement itcsne. 

Legal considerations. 

Fir® B: Comparative cost of repairs vs. replacment. 

Safety, 

Lost time and loss of production for each 
method. 

Operating cost of resulting system. 
Availability of on-hend replacement 
equipment. 

Adaptability to expansion. 

Adaptability to automation. 

Comparison of required useful life and 

useful life after repair or replacement. 
All costs in present-worth dollars. 

All costs in actual dollars. 

Firm C: Capacity of repaired it«n to function and 

maintain competitivo position vs. 
replacement with updated new item. 
Anticipated required life of itea, 

Lconomic advantage of repair, 
depreciated value of item 
Cost of replacement vs, repair. 




I 
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Fiitn D; Rate of return (<3iscountcd-caah~f Low) ♦ 

As®. 

Hlloag*. 

Alternative possibilities, 
investment costs. 

Cpcrating costs (old and now). 

Obsolescence. 

liming replacement to attain the lowest 

combined actual depreciation, operating, 
and maint^ance costs. 

I^rket value of trade-in. 



Finn E: Original cost of the item to be repaired. 

The amovmt of original cost which has been 
recovered. 

Degree of obsolescence. 

Cost of replacement unit. 

Return expected from replacement unit. 
Additional value or productive life repair 
coat will add to repaired equipment. 

Vehicle Fleet Kanaganent: 



Firm A: Length of service. 

Total mileage. 

Firm fl; Obsolescence. 

Firm C: Repairs are made on the probability of 

failure while vehicle is in possession 
of lessee. 

RcplacesRent accomplished on fixed mileage 
schedule. 

Firm D; Obsolescence 

Action that will result In total lower 
cost per productive unit. 

Utility gained by the repair cost. 



Railway Car Leasing: 

Firm A: Fast experience, 

Statistical repair data. 

Cost of repairs versus ranatning revenue 
that can be earned. 



Marine Transportation v.ervice: 
Firm A: Obsolescence. 
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TABLE 6 



KUJ^tBER OF USABLE ESPLiES TO QUESTXOK NimEK 1 



Type of Bvtsiness 


Total Jhtnbor 
of Eeplies 


Eeplles to 
Question #1 


% 


Petroleura Industry® 


4 


5 


125% 


Vehicle 1 leet Management^ 


7 


5 


71% 


Railway Car Leasing 


1 


1 


100% 


Marine Transportation 
Service 


1 


1 


100% 


Office & ..loctrontc 
liquipKsant 


1 


0 


0% 


Total 


14 


12 


86% 



®Cn« firm returned tw usable snmferB--one for 
exploration and production operations and one for product 
EMsricoting operations. 

^Corporations in this category also lease or raanage 
Etaterlal handling equipaventj busses, airplane®, helicopters, 
locoiaottves, barges, mining equipment, production laachinery, 
and office equipment* 
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TABLE 7 



FACTORS AFFECnUG INVESTMEin: AlJALYSiS AS REPORTED 
BY CORlORAXlOtJS SURVEYED 



Factor 


Rumber of 
Finns 
Reporting 


Obsolescence 


7 


Economic ovaliiatlon of liars Involved 


6 


Alternative lOsslbilitioc 


3 


Availability of Replacocient items 


3 


Age 


3 


Mlleag® 


2 


Anticipated He<?uired Life of Item 


2 


Safety 


2 


Statistical Repair Data 


2 


investment Costs 


7 


Operating Costs 


2 


Utility bainod by Repair Cost 


2 


Lost Time and Loss of i’roductlon 


1 


Market Value of Trade-In 


1 


Cost of Crisi.nal Item 


1 


Amount of Orlglruil Item that has been Recovered 


1 


Timing Replacements to Attain SCowest Combined 
Actual Depreciation, Operation, and 




I'lalntens.nc® Costs 


1 

A 


Cost of Repairs Versus Rcsinalnins Revenue 




that can be liamed by this Asset 


1 


Repair Capability 


I 


Adaptability to i^pansion 


1 


Adaptability to Automtion 


1 


Legal Requirements 


1 
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Question «%\gr.b<3r weight or iciportanco, relative to the 

other foctors, is given to each of these criteria? 
i-'etroloiurt Industry: 



Firsn A; 


The w'oight attached to each factor varies 
with the situtatlon; however » safety 
end loss of paroduction rank very high. 


Firm B: 


Obsolescence. 50% 

Kequlred life of iten) 20% 

economic advantage of repair. . . 157» 

i/eproclatlon 10% 

Cost of replacement versus 

repair 57« 


Firm C; 


Financial economics governs in making the 
Investcjent decision except when other 
factors may be of aufficlont importance 
to warrant special consideration. 


Fto 0: 


Repair-replacasiont decisions are normally 
made on the basis of the economic 
evaluations, but other factors may 
influonco them. 


Firti £; 


The capital bttdset process interrelates 
the factors listed in Question 1, 



Vehicle Fleet Managoraent; 



Firm A: 


Whether or not to repair a vehicle depends 
on the length of its remaining economical 
life. It must bo long enough for the 
vehicle to earn sufficient revenue to 
pay for the cost of repairs. 


Firm B: 


The vehicles visit the ship only once a 
year; therefor®, repair work is 
authorised and perfomed on the basis of 
the probability of future breakdown. 



Other Firtss: Obsolescence is the controllins factor. 

I’Cilway Car Leacins: 



firin A: 


The accomplishment of repair w’ork is 
dependent upon whether or not th® 
remainlxig period of economic life is 
Ions enough to pay out the repair cost. 
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Marine Transportation Service; 

Firm A: Obsolescence is the controlling factor. 



TABLF 8 



NUMBER OF USABLE REPLIES TO QUESTION NUMBER 2 



Type of Business 


Total Number 
of Replies 


Replies to 
Question #2 


% 


Petroleum Industry^ 


4 


5 


125% 


Vehicle Fleet Fsanagement^ 


7 


5 


71% 


Railway Gar Leasing 


1 


i 


100% 


Marine Tx-ansportetlon 
Service 


1 


1 


100% 


Office 6t Electronic 
£.quipment 


X 


0 


0% 


Total 


14 


12 


86% 



^See footnote a. Table 6, page 55. 
^See footnote b, Table 6, page 55. 



Question Number 3 .~-When considering whether or not to repair or 
replace an item, what functions or cost elements are Included in 
the estistatod cost to repair and the replacement costs of an 
item? 



fetroleum Industry: 

Firm A: Item F.Q.B. supplier, 

freight . 

Ecles taxes. 

Handling, unloading, drayage. 

i^cparation or changes to existing facilities 

Loss of use by change-over. 
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Firm £»: 

Finn C: 

Vehicle Fleet 
Firm A; 

Other Firms: 



Labor** -company or contract, 

Material and supplies. 

Shop expense » \4iero applicable. 

Shutdown costs. 

Applicable prorates, 

I'urcfcase price of Bimllar item F.O.B, our 
local storohouse, 

Coraparativo costs of repairs versus 
replacement, 

lost time and loss of production for each 
method , 

Operating cost of resulting system, 

Management : 

Maintenance Costs, 

Oepreciat ion , 

The remainder of the firms in this category 
are the ones that had previously 
stressed the importance of obsolescence. 
In these fims the length of the 
economic life for equipments is decreed 
by a managerial judg^ient decision, Ihe 
lengths of the economic life that have 
resulted froia these decisions arc such 
that most of the cqui|xaents are replaced 
prior to the time that they require 
o:tCGSsive mintenance. Therefore, 
thos© firms do not concern themselves 
with any particular cost elements. 









JM^ * . 
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TABLE 9 



rjI^IBSR OF USABLE REPLIES TO QUESTION NUMBER 3 



Type of Business 


Total Nvraber 
of Replies 


Replies to 
Question ,i3 


% 


Petroleum industry® 


4 


3 


75% 


Vehicle Fleet ^^ana$erae^tl> 


7 


5 


71% 


Railway Car Leasing 


1 


0 


0% 


ViArixte Transportation 
Service 


1 


0 


0% 


Office St electronic 
kqui^XBont 


] 


0 


0% 


Total 


14 


8 


57% 



®See footnote Table 6, page 55, 
^See footnote b. Table 6, page 55, 
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TABLE 10 

COST AFFECT iriVESTHLTJT ANALYSIS 

AS RSeORTEB BY CORPORATIONS SURVEYED 

Cost of Replacocicmt Item F,0*B, Supplier 
Sales lax 

Hajidllns$ Unloftdins, and Urayage Charg©® 

Site 1 ,'reparation or Changes to Existing Facilities 

Loss of Use by Chango-over 

Labor— Company or Contract 

tfaterialo and Supplies 

Shop .:jtpcnso, ..here Applicable 

Maintenance Costs 

Shut-dovin Costa 

Applicable Lrorates 

Lost iiifte for Each Method 

Loss of r reduction for Each Method 

Opera tijns Cost of Result ing System 

Lcprociatioii 

Obsolescence 



f 

i 



I 

i 

I 

I 

I 

I 





I 
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Question Tfuinber hierarchical level of the orsanization 

detorsaines the criteria and policies to be followed in repairing 
or replacing iterts of oqulpraentt 
i’etrolouan Industry: 

Firm A: Policy i® established at the higher levels 



Finn B; 


of rvan*s«raenc. 

All empany policy is detemined at tiie 
Board of Diroctoro-Offtcere level. 
Subsequently, tho corporate engineering, 
ptirchasing, and coaptroiler departments, 
along with the saanagenGnts of the 
operating companies and subaldiarles 
joijitly establish criteria for asahing 
the rcpair-rcplac€anent decision* 


Fir.:i C 
and B: 


Policies ere decided at the nienagoaiont 
level. 



Vehicle Fleet Ksnagemant : 



. ina A: 


Policies are noimaally set by managment, 
usually a Vico President (in clnorge of 
Fleet) or tho Traffic Manager. Ik>wever, 
it is more desirable to have the traffic 
manas®r of th© fleet act the policy 
because ho has a more intimate kaot^ ledge 
of tho ecttial physical condition of the 
fleet. 


Fim B: 


l^opLacemcnt policy is established (based on 
obsolescence) et national headquarters. 
The regional nenagers establish the 
repair policy to be followed in their 
respective regions. 


Finn C: 


Criteria are measured and policy 

recoriHaended at tho departmental level. 

A policy committee, consisting of senior 
Vice Presidents, rejects or accepts the 
rocommonded policy. If accepted, the 
policy is then embodied into the overall 
float manas®®®sib policy and procedures 
for the firm. 




I 

I 







I 
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J^ilway Car Leasing: 

Firm A: Annually the accounting department reviews 

the repair costs by car, by group, and 
by age. It them subsraita its comments 
on the precedir'^ year*s practices and 
suggests areas for change to top 
raanagenont . Managestjent then approves 
or rejects the suggested changes. 



TABLE 11 



KUMBZH OF USABLE REPLIES TO QUEST lOI-l WtBLa 4 



Type of Business 


Total Humber 
of Replies 


Replies to 
Question #4 


% 


Petroleum Industry® 


4 


4 


100% 


Vehicle Fleet Kanagement^ 


7 


3 


41% 


Railway Car Leasing 


1 


1 


100% 


i-5arine Transportation 
Service 


1 


0 


0% 


Office £t Electronic 
Equipment 


1 


0 




Total 


14 


8 


57 % 



®See footnote a, Table 6, page 55, 
^See footnote b. Table 6, page 55, 



1 
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TABL:. 12 



HiSKAr^:HlC^L LEVEL AX WHICH iX>LlCY IS D£X£i^>JIK£D 



Item 


Kumbor of 
Firms Report lag 


X^llcy Cet by Hanagonent 


4 


I^licy Beteminod at the Board of 
Dlrectors-Officer Lavol 


1 


Iteplaccment Policy Set by Kational 
Headquarters; Bepair Policy 
Set by P^egional Itanasct* 


1 


Policy ?econ?nend©d by Departments, 
Approved by X-Janagessent 


1 


Policy Eecommended by Departments, 
Approved by Policy Commit tec 
(Senior Vico Presidents) 


1 


Total 


8 



0u»8t:ion Kunber 5 .«»-V.‘hich Merarchical level is authorised to 
loako the doclclon as to whether or not to repair or replace an 
item of equipment? 

Petrolcicn Indus trj'^j 

Finn A; Xha authority to make this decision depend* 
upon established policy and the dollar 
amounts Involved* It ranges from the 
Chairman of the Board to field 
suporvicors. 

Firm B: The decision to repair or replace a 

particular equi-psent item can be made 
at a nunbor of levels subject to 
specific dollar limitations* The lowst 
level authorised to molco this decision 
is a field suporlntendant: * 





! 




i 
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First C; The answer to this question depends upon 
the costs involv^. Sntall jobs can bo 
decided by a foremn or superintondant, 

Firaa D; it will vary with the project and ecjxiipatent 
under review, itfithln policy and 
authorities for expenditure field 
executives laay stake the decision. 

Fim £: Within tho litaits of a well established 

policy, a decision to repair equipment 
is frequently made by Individuals at a 
relatively low level In the 
orsanitational structure. 

Vehicle Fleet Ilsnagent: 

Firm A: I’h© service manager makes the repair 

decisions. When he has doubts about 
th© desirability of making & repair, 
he rofer© the decision to a higher 
onsanltational Icfvol, 

Firm Bs Hanagccicnt makes the decision using “needs” 
as tho criteria, rather than a pre-set 
policy. 

Firm Cs Within the framework of a national 

purchasing prograra, rogional managers 
retain complete control in regard to 
repair or replacmont of individual 
vehicles , 



Railway Car Leasing: 

FIjra A; Hi© jtochanloal Division has full authority 
to make decisions on individual repairs. 
They are aided by the Financial Division, 
which furnishes cost data; and the 
Sales Department, which ftimlshes 
demand, rental, and term data, i^arge 
programs arc approved by tho Board of 
lilroctors . 
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TAIiLE 13 

KUI'lDEil OF USABLE REPLIES TO QUESTION NtTiBER 5 



Type of Business 


Total Number 
of Replies 


Replies to 
Question #5 


% 


Petroleum Industry^ 


4 


5 


125% 


Vehicle Fleot Management^ 


7 


3 


43% 


ilailway Car Leasing 


1 


1 


100% 


torino Transportation 
Scrvico 


i 


0 


0% 


Office & Electronic 
EquipaJient 


1 


0 


, 0 % 


Total 


14 


9 


64% 



^See footnote a. Table 6, page 55, 
^See footnote b. Table 6, page 55, 



TABLE 14 

HIERARCHICAL LEVEL AT WHICH THE REPAIR-PvEPLACEMENT 

DECISION IS mDE 



Decision Halcing Level 


Number of Firms Reporting 


Operating Level 


3 


Operating Level or Pianagement 
Level (depending upon 
policy and/or dollars) 


5 


Kanagcment Level 


1 


Total 


9 




f 



) 





I 

I 
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Question HtOTber 6 .«-Are statist lea I tnodele used in making the 
docision to repair or replace itesns of equiEwnent? 

Petroleum Industry: 



Firm hi 


Statistical models arc not normally used 
when making decisions as to the repair 
or replacement of equipment items. 


Firm B: 


Various statistical models are used in 
making repair- replacement decisions. 

For low priced-high incident of 
replacement items, simple statistical 
models based on eKperience are used, 
while rate of return and pay-out 
evalxiations are used on the higher 
priced- low frequency replacement items. 


Firm C; 


Experience factors are utilized In making 
the decision to repair or replace items 
of equipment. 



Firm £3: The time value criterion, sometimes called 



Firm hi 


‘•discounted cash flow rate of return” 
is eanployc^d, 

When necessary and practical. Justification 
studies are made to guide the decision 
making process. 



Vehicle Fleet Management: 



Firm A: 


Statistical models are used in the 

development of criteria employed in the 
decision making process and in 
programing for Lata Processing. 



Ftr»i B: Of course, but statistics, averages, and 

all other such material should be 
weighed in the face of local facts. 

Railway Car Leasing: 



Firm A: 


On marginal cars a formula, which takes 
into account the various economic 
factors is applied before a decision is 
made. This formula may be stated as 
follows: 

l«RxE-0-C 



63 



Where; R Is the rental rate for the item, 

£ Is its remaining useful life, 

0 is the operating coot for the 
remainder of the item»s useful 
life, 

C is the estimated cost to repair, 
and 

1 is the net income the car vill 
produce during its useful life. 

After I has been determined a judgment is 
made as to Its adequacy. If found 
sufficient, the car is repaired; 
otherwise, it is replaced, 

Marine Transportation Service: 

Firm A: Statistical models are not used. 



TABLE 15 



mimm of usable replies to question number 6 



Type of Business 


Total Number 
of Replies 


Replies to 
Question #6 


% 


Petroleum Industry* 


4 


5 


125% 


VoJ>tclo Fleet !lanag<Kaent^ 


7 


2 


30% 


Railway Car Leasing 


1 


D 

X 


100% 


Marine Transportation 
Service 


1 


1 


100'% 


Office & Electronic 
Equipment 


1 


0 


0% 


Total 


14 


9 


64% 



®See footnote a, Table 6, page 55. 
^See footnote b, Table 6, page 55, 
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TABLE 16 

UTILIZATION OF STATISTICAL MODELS 



Type of ^^odel® 


Kumbor of Finns 
Reporting 


Economic avaiuation of Dollar©^ 


3 


Experience Factors^ 


2 


Justification Studies 


1 


Mathonatical Models and 
Statistical Averages 


2 


Ko Models Used 


2 


Total 


10 



®Th© tenn statist lea I laedcl” was purposely not dafined 
in the basic question. The captions that appear her© reflect 
how the tetsa was interpreted by the respondents, 

*^One fina reported that the method used varied, 
depending upon the dollar amounts involved. This accounts for 
having one jaore method reported than there wore replies. 



Cieneral Comments 

Several of the responding firsns, in addition to answering 
th© specific questions, contributed information chat explains 
further how they make the repair- rep lace^nent decision. These 
additional comsnents cr© given below. 

Firm A: Keplaccsnent, generally speaking, is 

considered a capital budget decision, and as such, is guided by 
conventional project evaluation. When the capital budget is 
developed each year, prospective projects are evaluated by Local 
manageQent and succesoivoly screened and acctsr.ulatcd into regional 
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programs, divisional programs, and corporate programs. The 
worId*i4ide capital budget, including motor vehicle projects, as 
divisional line items, is finally subject to approval by the 
iioard of directors. 

Firm B; being a relatively young company with new 
or nearly nev/ equipment, the problem of replac<sri©nt is not a 
pressing one at this time. 

Firm C; The Office Fsachine Division, which was 
recently started, does not have the experience in physical age to 
allow us to determine roplacment policies. 

Flra D: Because of the many factors that enter 

into the analysis of a particular replacement problesti, it is 
rather difficult to answer "these questions" by correspondence. 
Experience shows that the answers will vary depending upon the 
area (geographical) of operation, type of customer, oquij;«aent, 
and chauffeur. 

Firm £; The decision is not whether to retire or 
replace, but rather when to retire. The Mechanical Department 
must approve the repair of each estimate before any car can be 
repaired. 

Firm F: This firm does not presirae to advise and 

counsel on trucks, since "they arc a complex breed of cats." 

A contribution that is made in the field of auto fleet menagement 
is the recommendation of a sound economical replacement policy, 
ihis plan envisions replacement at a time when you have gotten 
your money's worth of usage out of the old item and it still has 
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enough useful iif© left In It to cotrraand a good resale price, 
"After all, a good part of fleet menagccient io merely common 
sensQ, You repair a car ^<?heji it is the logical thing to do; and 
3 ?ou replace a car when that is the logical thing to do." 

Firm G: The interpretation of the many technical 

factors that must be considered in ostabltshlng economic repair 
limits and replacesant criteria will vary according to: 

1, What type of equipment is under discussion? 

2, Was this equipment properly specified to do 
the Morit it is doing? 

3, if not. Is it over- or under- specified and 
in what regard (ensine, body, clutch, tires, etc,)? 

4, Again, if not, v;as it properly specified 
at first and then subsequently used on other wrk; and if this 
is so, at what chronological point was It diverted? 

5, lias the equipment boon properly maintained? 
If not, in what regard has maintenance fallen short? This factor 
by Itself could b© the reason for the decision to repair or 
replace, regardless of other factors, 

6, How old is it, how many miles or hours does 
It run, and what are the roads and terrain features of the area in 
which It operates? Does it run regularly or spasraodically, once 
scheduled, or on an as-needed or stand-by basis? 

7, Is the driver or operator fully qualified 
for hts job? i»ae his training been on-the-job or more formal, 
and if the latter, to what extent? What ic the fux)unt and quality 
of his supervision? 
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8* Is the equipment driven or operated by one 
or two men regularly* or is it belns handled by many different 
mm? 
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CONCLUSIONS 

Our nationol eurvival depends on our ability to come up 
with good answers as consistcaitly as possible. Therefore, 
we must make defease planning ... an Intellecttiol rather 
than an tsaotlonal process. To do so we must tuxm our 
attcaition to the question of what*s right, not who*s 
right • * 

in studying the manner and metiiod by which American 
buslnosstnon decide "tdiat’s right” rather than *'who*s right,” 
certain underlying concepts or acsuKiptions have been ascertained. 
Because these concepts soem to fotta th© franiework and boundaries 
which govern th© capital expenditure decision making process, 
the suppositions that have been identified are hereafter 
referred to as th© Lav^s of Investment Analysis. In viet# of the 
limited scope of this paper it is realised that there may bo 
other lavs than those that are cited in this study, Fewever, 
it is felt that any such additional laws will result more from 
seciantics than from further revelations. 

In setting forth these concepts, their presentation has 
boon ordered in a sequence that reflects the importance, fttm a 
military point of view, that has beoa attached to each of thorn, 

^;:nthovon, p. 158, 
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Lawe of Investment Analysis 

Law #1, The totality of factors must be considered In making 
th» invctocmt (repair- rep lacfisnent) decision * 

As was seen throughout the study each investment decision 
was affected by & multitude of diverse and varying factors. 

While it is desirable to reduce all of these factors to 
quantitative terms and to interrelate them by mathcsnatlcal means, 
it is not always possible to do so. It is essential, therefore, 
that the factors which cannot be quantified or which cannot be 
interrelated by methssimtlcs are not ignored in the decision 
Ri&klns process. 

Law #2, The length of an eouipiaent*s life should be determined 
by its own economic life . 

An item should be retained and used only so long as the 
stream of services that it provides is the nujst economical way 
of procuring these services. In determining the cost of 
alternative way® to produce the same services the capital 
consirsptioR costs, the cost required to remove and dispose of 
the old process, and the selvage value of the old equipment must 
be considered. This is necessary to ensure that an Item will not 
be replaced prior to the end of its economic life, even though 
there may have been technological improvements prior to this 
point in time. From management *s viewpoint it is not the 
cause— l.e,, the wearing out of the equipment, the advent of a 
better machine, or the disappearance of the need for the service 
—that Is important, what is important is the discovery of the 
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point in time when the present machinery no longer provides the 
most efficient and effective way of achieving the given objective 
with an acceptable degree of assurance. 

Lew ^*3. It is the relative, rather than the absolute, difference 
between projects or covtrses of action th&t is important . 

It is not the total dollars spent nor the total dollars 
that will be earned (or saved) that is material. It is the 
amount that could be earned (or saved) for every dollar that is 
spent, as compared with what could be earned if some other 
expenditure was raade, or if no expenditure was made. 

Law #4. All capital expenditure projects should compete eaually 
for the fimds that arc available for this purpose . 

The identification of the desirability and the attention 
that should be given to o specific repair-replacement problem 
by category classification is a step toward mediocrity. Such 
methodo avoid the true objective (the detezrmination of the n«)8t 
economical matrix of rosources) of investiaent analysis. While 
the classifications of safety, personal comfort, etc., do not 
seem to lend thesnselves to competing with other investments, 
eucli a thought ie not tixie. What has really happened is that 
these projects have competed against the s^^oup and have 
triumphed without having to be examined comparatively, Because 
the evaluation of the services that will bo received as a result 
of such decisions has been made implicitly, managoraent most 
frequently does not know the relative cost of Its actions. 
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If, on the other hand, a truly competitive analysis had 
been made, the relative cost of these ‘'mandatory'’ investment* 
might have led to a complete reappraisal of the work that 
required them. Such reappraisals often result in revision, 
modification, or termination of the basic work. 

Lav ^5, Xhe analytical techniques used in investment analysis 
aaUv’iit be readily underatandable and must result in & more 
economical use of maoaaoment * s time if it is to be aqceoted , 

ttanagoaent ♦ s use of techniques and fosrmulas I* directly 
proportional to Its confidence In the results they produce and 
the time required to us® them* Both of these components, 
particularly the confidence of jaanagecRiWit , are affected by the 
user' s knovrledge and xind era tending of the logic and assumptions 
that are behind the techniques, Th© technological Level of our 
society and tho complexities of the business environment, which 
havo mad© tho laodem manager a ” jack-of-^all-trades and master 
of none,” Lmpsdes the adoption of complicated or sophisticated 
systems, Xo bo beneficial an analytical technique must be 
relatively simple and easily understood. 

Lew u6. Maintenance costs increase with the a?:e of th® 
investment . 

Behind this generalization, which is true, lie some of 
the most difficult problems encountered In investment analysis, 
khat is the time shape of an equipment's malntenonc© costs? How 
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can It boat bet determined? The most frequently used methods seem 
to be the manufacturer's recommendations, engineerins studies, 
and studies of empirical data. While all have been used 
successfully in selected envirotraents, none have been proven 
sufficiently versatile for general application. 

I.aw #7. The efficicsncv of an item of eoultiggent decreases vlth 
the a».e of the item . 

This principle, uhlch results from the same causes that 
produced the previous law, is not the inverse of Law #6. At 
best there is but a causal relationship between increased 
maintenance and decreased efficiency. I*h© importance of these 
tv?o lews is the rocognitlon they give of certain basic 
principles of physics. 

Law #8. Projections into the future are not accurate and 
reculra offsetting compensations and periodic re~evaluationc. 
or both . 

It does not take an astute observer to come to this 
conclusionj however, its importance to the investment decision 
cannot be over- aapha sized, Kelatively sniall changes in the 
nagnitud© of the variables, v/hich involve projections into the 
future, can make significant changes in the desirability of the 
different alternatives. The project ©valuation system should 
provide for an automatic ro-evaluatlon of the situation and the 
deviations from the original projections. 
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lav #9. Xh« preT?aratlon and itialntenance of property. coete» and 
or>er«t:lnt; records for fenuipgnent lt«ng is desirable « but ie often 
,gftngl<iar«_d too _qQSt:ly_ og not^t ejielble . 

Because good decisions require knowledge, ono of the real 
skills needed by managesnent is the ability to determine which 
inforsaation is worth the cost of collecting it. Frequently, due 
to the length of ttee between requirements to make similar 
investment decisions and the uncertainty with which the recorded 
infortnotion is used, managers often feel that there is no need 
for records of this type. Fortunately th© majority of today* s 
decision makers have more foresight than this. Nevertheless, 
maximum benefits must be achieved from the records that are 
maintained if they are to pay for the cost of keeping then, 

#10 * uy« earnin^ii and, costs . to be comparable, must, be 
converted to eouivalent values . 

in the business cotmnunity it is generally accepted that 
the expenditure of a dollar in future years is less costly than 
the spending of a dollar today. This Is merely the recognition 
of the fact that present money, if piroperly handled, can earn a 
rat© of return or interest. In investment analysis, because the 
cost elements for the different alternatives extend unevenly 
over a period of years, it is necessary to equate all costs to a 
cossfton value if the comparisons are to be valid. 

Xha laws of Investment Analysis, as stated above, are as 
applicable to the ansed forces of the United States as they are 
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to toerican businece, Althou^sb the soel of the business world 
Id different (maKteising profits) froai that of the military 
(minimising cost), the achievement of either is enhanced by 
following a plan of action tliat provides the most economical 
proration of capital expenditure dollars. Any system for 
analysing capital investments that has as its purpose the 
maximization of resources will have to comply with these general 
concepts if it is to be effective. 

Xho factors that wero mentioned by the writers (ace 
page 21) and those that are being used by the starveyed 
corporations (see page 56) are not as applicable to direct use 
by the Karine Corps as are the Laws of Investment Ima lysis. 
However, by making four modifications and four deletions, the 
factors cited by the writers make an excellent basic list for 
military use, Th© modifications that are required are: 



From 

Oenersl Business Outlook 
Future terkets 

Future Products 
Action of Competitors 



To 

General World Outlook 

Areas of Possible 
Deployment 

Stature of Future Wars 
Action of Snsmies 



and are; 



The items to b© deleted pertain to the profit factor© 

Future Cash Earnings, 

Time Shape of Future Cash Earnings, 

Ket Savings, and 



xaxee 






<|i> 



<• 



I 












# m m 



m • • €i 







« 




1$^ 



— I'l 





4 



• M 




» 




»f 





gi. 









p 




f 



^ m m 








? 



80 



Because the factors listed by the surveyed corporations 
support the alle^otion that thore is a considerable amount of 
intuition beins used in the analysis of capital investment 
projects, these factors are less useful from a military 
standpoint. However, in this group there are three factors chat 
stand out and should, perhaps, be added to the master list. They 
are: 

Safety, 

X^gal Requirements, and 

Repair Capabilities, 

The listing of Safety as a factor to be considered in 
the decision makins process should not be construed as negating 
the law tioat all projects should compete equally for the fvmds 
available. Safety is a difficult factor to quantify and its 
Influence on capital expenditures usually is resolved by a 
judgment decision. As stated earlier, this does not recjove th© 
need to determine the relative cost of having made this judgment. 

The other two factors have been Included in order to 
emphasise the importanco of th© exist enca of minimum requirements 
and the potential expense of falling to operate overhaul end 
rebuild facilities at capacity. There are coirtain fixed costs 
that must be incurred In operating jropair plants regard less of 
the volijmo of work accomplished. To fall to utilize the repair 
capability to its maximua is to misuse a valuable rosourco. 

The cost eluents that were cited by the writers pertain 
more to manufaetturing^type operations than to service- type 
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operations. Although all ar© applicable to th© ilarino Corps, a 
further detailed study of military operations would bo required 
to determine upon which costs the ©nphasis should be placed. 

fiieodloss to ©ay, the quantifiable elenente relating to 
revenue© aro not applicable to the Marin® Corps. 

The adaptability to use by the military of the more 
coiamoniy used coaicjorcial investment techniques or fonaulac is 
practically non-eKistent . This is because all of these methods 
are concerned with developing comparative rates of return or 
require the use of minimum attractive rates of return. Only 
the MAPI method goes beyond the ranking of projects and attempts 
to detcrmixi© the proper timing for replecesaent action. IJowever, 
the charts used in the I'lAPi teclinique, as presently developed, 
provide implicitly for such factors as capital consiraption and 
us© of specific tax depreciation methods. This renders tholr 
us© by the military impractical. 

Still, except for th© undesirable intuitive and strict 
pay-off methods, this teclinique is the only one that has any 
possibility for conversion to Marine Corps use. By 
reconstructing th© depreciation curves to show the anticipated 
or actual known depreciation rate of militairy Items, usable 
charts could be developed. The major drawback to this would be 
the requirement to create different charts for each type of 
equipment and for each of the different operational conditions 
under which such equipments might be used. Another difficulty 
that must be weighed is that any such capital consumption curves 
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that are developed will contain an ;anknown degree of inaccuracy, 
duo to man* a inability to predict future evente. In epito of the 
margin of error that wuld be inherent in such a syst^n, It 
would. In all probability, give more satisfactory results than 
the present economic repair llTnlt-»a limit that declares an item 
of general cquipraont Is uneconomical to repair when Its repair 
or rebuild cost exceeds 65% of its acquisition cofJt. 

In the large, complex, divers®, but formally structured 
military organization, the development and operation of an 
effective system for ensuring that the correct alternative 
(repair versus replacesient) is chosen requlrco continuous and 
intensive support and direction by top management. In today's 
modem technological world the capital expenditures made today 
will dictate th© organizational posture that can be achieved 
tomorrow- -truly a responsibility that deserves upper hierarchical 
attention* 

Before discussing the develotssent and constituents of 
such a decision mei?lng system. It should be pointed out, as was 
stated In the Introdvaction, that tho Jlarlno Corps does have a 
usable procedure for solving this problam* However, inasmuch as 
this paper is not a study of that system, the comments that 
follow are made without specific regard to It, 

Th© first tsek that must be undertaken in establishing 
this decision making process is to define tho scopo and 
objectives of tho systm. This is no mean task In itsolf. Is 
tho objective the ensuring of the most economical uso of the 



83 



equipment? Is it to ensure the fullest utilization of the Corps' 
maintenance capabilities? If so, which aro the most important*** 
those of operating unite or the depot facilities? Is it to 
provide tl^e most effoctive coablnatton of new and repaired items 
within available resources? 

It is suggested that unless this last-mentioned item is 
the true objective, the establishment of the system will not be 
worth th© effort, Whatever objectives are chosen, they must be 
clearly defined and thoroughly explained, 

Follov7ing cloeely on the heels of this task is the 
necessity of fomulating policy, llio current Marine Corps 
directives and publications are quite adequate in this respect. 
They set forth the necessary guidelines under which the 
maintex^ance program will b© performed, 

Vlithin th® framework of th© procedure set forth by the 
defined objectives and the publiehod policies, ajanagemeiit must 
now Identify the factors and cost el«aents that are to be 
considered in the malcing of the actual decisions, Th© factors 
cited by the \oriters of the litex'atur© on investment analysis, 
as modified earlier In this Chapter, are offered as a starting 
point for creating an all-inclusive Marino Corps list. 

Additional research, would hav© to be conducted to detormln© the 
actual cost elments that should bo considered, 

A final step that must fa© performed by upper taanagement 
is th© development of the actual technique or formula that is to 
be used in laokins the Individxxal repair or replacoment decision. 
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it ie envisioned that the tochniquo %?ill have to bo sufficiently 
flezciblo to allow for the autonaatlc chansins of the consideration 
given to the different factors «s a result of variations in thm. 
for example, as the availability of maintenance dollars versus 
new procureanent dollars changes, the technique should yield 
dlfferont answers when applied, all other factors and cost 
el€snents reir.sinin.g the same. 

The organisation structure that is evolved to perform 
these functions can talc© many forms. The one that is actually 
adopted must provide for the coordijttation of the responsibilities 
that have been mentioned, namely: the detertnlnatlon of tlie scope 

of the system, setting tho objectives, pzromulgatlns policy, 
identifying the influencing factors and cost elements, and tho 
doveLopraont of the formula or technique for the specific 
decision malting situation. 

The operating olsments of the organisation will now, in 
accordance with the directions provided by established policy, 
quantify the factors and cost elments to be used end will make 
th© actual decision to repair or replace. It is necessary that 
the system give the operating manager, who is to make the 
decision, tho date that he cannot collect from within his oxm 
organisation. As nearly ao possible, this type of Information 
should bo provided implicitly by tho formula adopted, 

Xh© task of qtaantifying the factors and cost elements is 
basically th© accumulation of data and th© maintonance of records. 
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This task eiiould ba perforsaed at the lowest possible level in 
the hierarchy. This does not mean that the data so generated 
will bo retained at this level. Periodically such data must be 
accumulated and forwarded to the upper management coordinator 
for individual analysis and for use in the re-ovaluation of the 
entire decision making process. Top management must perform 
these audits to enstiro the continued validity of the system* 

Because of th© consequsmee of equipment breakdown and 
the lead time involved in procuring replacaaent items, the 
repair- replacement decision must b© anticipated and often must 
be mad® in advance. This means some form of pre-planning is 
necessary. In the Marino Ckjrps the budget la used for this 
purpose, l^fortuaately, the investment expenditures aro 
intertaingled with all other costs Chat ar© anticipated by the 
budgeting unit, it is impossible, from the budget documents 
submitted, to determine whether adequate tiiought and 
consideration have been given to th© investment decisions that 
may ar'ise during the budget period. .gXsrther, these budgets 
cannot be used to d®t©rs53*n© th© number of itess that would b© 
available for complete rebuild at the depot repair facilities, 
nor do they provide any indication of the number of ncs^ items 
that sliould be requested in the Marine Corps procur<Koent 
appropriations . 

Th© present Marine Corps method for ensuring financial 
support for th© r©palr-repl«c«nent psrobl«sn is considered 
inadequate. It is believed that the development and use of a 
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separate mintenance and capital budget is mandatory. By 
having the laaintenance and investment dollars together in e 
single budget and appropriation, the InterchangGability of 
dollars to support th© proper decision will eliminate the 
hoarding and hiding of valuable resources because it is feared 
that ©quipmenta will have to bo maintained beyond their 
economical life. In addition, any Insufficiency of funds and 
th© cause therefor will be more apparent and explalnabio under 
Guch a system. 
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